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Up to 32 Mbytes DRAM (32-bit/O WS). 

. Two RS2352/422/485 serial and fieldbus ports 
CXC interface to a vast selection of mezzanines 
and MODPACKS A Only 5.5 watts 

Board support packages for all popular real- “time 
kernelo A Tri-ported battery PANES, SRAM 


REP has improved our dual processor 
VM30 to keep your market window 
-open..much longer. Thanks to 5V 
FLASH EPROM, it's like a VMEbus life 
insurance policy. You can change operating 
~. systems and application code in the field. 
- Upgrade modem-equipped remote locations 
in a flash! Or load code from diskette. 
‘What's more, we've boosted the VM30's 
speed with a 40MHz 68EC030 and 20MHz 






Single- height 'V VME from PEP is ek sized 
for today, tommorrow and beyond. Call us 
toll-free at 1-800-228-1737. 


68302 Intelligent Multiprotocol Processor. | 


Running a fieldbus like PROFIBUS? Data 


transfers are now 25% faster for improved 


‘real-time performance. 


Like all PEP VMEbus CPUs, the VM30 fits 


in es em of Four hand (100 X 160mm). 
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Modular Computers® 
PEP Modular Computers, Inc. 
750 Holiday Drive, Building 9 
PITTSBURGH, PA 15220-2783 
Phone: 412-921-3322 
Fax: 412-921-3356 





Introducing high-performance 
surface mount LEDs in all 
your favorite packages. 


When it comes to LEDs, HP is 
brighter than ever. In fact, our 


All of which makes our LEDs the best 
way to light up all your applications. 
Everything from mobile commun- 
ications, cellular phones and 


pagers to fax machines, scanners, 


ALLEL OOOT printers and computers. 
brilliant new AllnGaP surface * , 


mount LEDs are ten to twenty times 
brighter than existing materials. 


But they still operate with the lowest 
power consumption and highest 
efficiency. So you get longer battery 
life and greater reliability—and lower 
overall system cost. 


And with the broadest array of 
surface mount packages in the indus- 
try, HP gives you all the benefits of 

a single worldwide source for all 
your needs. 


CG08404 


You can choose from surface mount 
indicator lamps in EIA standard and 
non-diffuse packages and five colors. 


Subminiature solid-state lamps in six 
colors and flat top and dome pack- 
ages and arrays. 


And tiny chip LEDs that provide the 
smallest size and lowest cost, and 
come in five colors and three com- 
pact, low-profile packages. 


HP also shines with comprehensive 
technical support, anywhere in the 
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world. Including general LED design, 
surface mount design and manufac- 
turing, and lightpiping applications 
and designs. 


Plus our manufacturing facilities are 
ISO 9000-certified, assuring you of 
the consistent high quality you've 
come to expect from HP. 


If you'd like to know more about how 
HP’s LEDs can make you shine, call 
1-800-537-7715, ext. 8312. In Europe, 
fax 31 2503-52977. We'll bring our 
brightest new ideas to your surface. 


HP components. 


Opening the world. 
Ki; HEWLETT® 
2 PACKARD 


In Canada, call 1-800-387-3867, ext. 8312. 
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lucrative future, since PCnet-SCSI 
Supports the standards end-users 
demand: Ethernet for network access. 


Everyone could use some extra space. 
And that’s exactly what Compaq’ offers 
end-users in their new Deskpro’ XL. All 
with the help of AMD’ of course. SCSI for peripherals in applications like 

AMD's new PCnet™-SCSI controller multimedia. And PCI, the leading 
enabled Compaq's designers to create — asos pcnerscstctip putstttemetana NIGh-speed bus architecture. It even 
a high-performance, plug-and-play PC" sfienevcompaaceséproxt.” COMes with a complete selection of 
with 32-bit Ethernet and SCSI on the mother- — Network Operating System and peripheral drivers. 
board— eliminating the need for separate PCnet-SCSI covers only 7.5 square inches 
Ethernet and SCSI adapter cards. of motherboard real estate and takes only one 

Your next PC design can have an equally PCI load. Which leaves plenty of PCI loads 





One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. ©1994 Advanced Micro Devices, Inc. PCnet is a trademark, AMD and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. Compaq and Deskpro are registered trademarks of Compaq Computer Corporation. 
Other product or brand names mentioned are property of their respective holders. 
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and open slots for future upgrades. So there's entire PCnet family, contact your local AMD sales 
always room for expansion. office listed below. Because with the right connec- 

Whats more, PCnet-SCSI is software and tions, you can make a fortune, too. 

pin-compatible with other members of the | BS Asktor 
PCnet family. So you can configure your sys- | -—~ | pack 19R 


tems to offer either Ethernet, SCSI, or both. Bt: 
All in one design. 
Best of all, you can add all this functionality 
for less than $50—compared with a major invest- ; 
ment in adapter cards, installation, and support 


Pot more infoniaiion on PGnet.SCS|atatE = Advanced Micro Devices 


For m formation on PCnet-SCSI, contact your local AMD sales office or sales representative. International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 9267-0; Hong Kong 86 54 525; London area (0483) 740 440; Manchester area (0925) 830 380; Milano (02) 339 05 41; 
Miinchen (089) 45053-0; Osaka (06) 243 32 50; Paris (1) 49 75 10 10; Seoul (02) 784 0030; Singapore (65) 348 11 88; Stockholm (08) 98 61 80; Taipei (02) 715 35 36; Tokyo (03) 334 67 550. 




























GaAs 


SWITCHES 


$ 
DC-2GHz Immediate Delivery 0 z oy 





Finally! A line of SPDT absorptive, reflective and transfer switches that 
appeals to your technical side, and business side as well! It's 
Mini-Circuits GaAs switches...providing outstanding performance 
features such as very high isolation (up to 6OdB), superfast 3nsec 
switching speed and excellent compatibility with surface mount 
soldering techniques. Additionally, the entire series is built 
extremely tough and is immediately available from stock with a 
1 week shipment guarantee. At only $2.95 (qty.10), this 
top-of-the-line value is priced with your bottom line in mina! 
To order, call or Fax Mini-Circuits with your requirements today. 
Mini-Circuits...we’re redefining what VALUE is all about! 


Insertion 1dB In-Out Price 
Freq. Loss® Comp.@ Iso. @ ea. 
Model No. (GHz) dB (max.) dBm (typ.) dB (typ.) (qty.10) 


MSW-2-20 DC-2.0 1.0 +24 34 2.95 
(Reflective) 

MSWA-2-20 DC-2.0 1.3 +27 40 3.45 
(Absorptive) 

MSWT-4-20 DC-2.0 1.81IX@ +281X®@ 30 3.95 
(Transfer) 2.0RX@ +27 RX® ' 


@ Midband, 500-1000MHz @® Transmit @ Receive 


All Units: SOIC 8pin Package 
yy Actual Size 


\—o 


\—o 


SPDT REFLECTIVE 
SPDT ABSORPTIVE 


Antenna 


Oo” 


Antenna 
TRANSFER 
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P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs.on all Mini-Circuits products refer to * THOMAS REGISTER Vol. 23 * MICROWAVES PRODUCTS DIRECTORY ¢ EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 
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SLIC EJECTS RELAYS FROM PABX LINE CARDS... 59 
High-voltage bonded-wafer ICs create first SLIC to switch the 93-V rms 
phone-line ring voltage on-chip, eliminating PABX relays. 





THE BENEFITS OF UNDERSAMPLING... 69 
Despite what many believe about the Nyquist theorem, undersampling is 
desirable in certain applications. 


USE DSP FILTER CONCEPTS IN IF SYSTEM DESIGN... 80 
Combine digital and RF design domains to reduce system noise, up dynamic 
range, and simplify baseband DSP requirements. 


VME BOARDS COMBINE PCI BUS AND POWERPC CPUS . . . 129 


The modularity of single-board computers lets users swap CPUs, memory, 
and I/O to suit the application. 


EMBEDDED i960 CPU OFFERS 45 VAX MIPS... 135 


3.3-V operation, clock-doubling techniques, and large internal caches 
highlight 32-bit RISC CPU chip. 


FAST ADC ENABLES DIGITAL BASEBAND RF TECHNOLOGY... 141 
Once the province of the military and intelligence communities, digital RF 
finally “comes in from the cold.” 
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Ten years in PCB design has taught me 


what it takes to get the job done. 
You need tools that work as hard as you do. 


iim: F sn better PCBs 
tijless time with TangoPRO” 


Jeff Imes, Engineering Support Group Leader, Optelecom, Inc. 


Optelecom is a leader in fiber optic telecommunications. In a tough, competitive 
market, their products excel in performance, reliability and functionality. For 


Free Eval state-of-the-art analog and digital technology, and the productivity to meet the 
Package 
Test drive TangoPRO 


with our full-function ease POWER. “... all the features we need for dense, high-speed designs.” EASE. “Its 


evaluation package. | . Sas : | ' 
cau - Windows interface and intuitive structure made it fast to pick up and understand. 


800 488-0680 





most demanding schedules, TangoPRO delivers. 





\LUE. “We shopped around. TangoPRO costs less than the maintenance fees on 
some systems. It paid for itself on the first few designs.” SUPPORT. “ACCEL is 
committed to the customer and the product. Their tech support is great and they've 
implemented many of our suggestions.” 

TangoPRO for Windows is becoming the popular choice for PCB designers and electronic 

engineers alike. Schematic entry, board layout, high-performance autorouting, CAM output. 
TangoPRO is the complete solution. 
Workstation-class power. Windows ease. Priced for exceptional value. Friendly support. 
Call today for free evaluation software, or to set up an on-site demonstration. 


Invest in TangoPRO. 


“... it makes good sense.” 


bei Fite Edit Yiew Place Route 





ACCEL Technologies, Inc. 
800 488-0680 Sales 

619 554-1000 Service 

619 554-1019 Fax 


ee 8 z ee 
= 1» single Select, <Shift><Let> for multiple, of drag for block select. 
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40 YEARS AGO IN 

ELECTRONIC DESIGN... .8 

Plug-in transistor circuits; para- 
chute test system 


EDITORIAL... 14 
Information SuperHypeway 


TECHNOLOGY BRIEFING ... 20 
PCI: Here, there, everywhere 


TEGHNOLOGY NEWSLETTER... 27 
e 1.6-Gbit/s spanceivers hit the 
market 


e Fiber-optic sensor boasts low cost 


e True UTQFP package stands 
0.8-mm tall 


e Group to form home video on 
demand 


e Asian center opens for PowerPC 
designs 


e Put 600-MHz IC PLL on 17-GHz- 
npn gate array 


e Standards for vocoder and wireless 
encryption 


e Convert light to digital format 


TECHNOLOGY ADVANCES... 35 
e BIOS emulation scheme lets RISC 
computer boot up with PC graphics 


e Next-generation PC designs de- 
mand high-speed I/Os, fast graph- 
ics, and low system power 


e 64-bit bus handles 583 Mbytes/s in 
high-end multiprocessor systems 


e Bare known-good die become avail- 
able on a large scale 


e 40-Mbyte/s serial link poses as an 
alternative to SCSI 


Jesse H. Neal Editorial 
Achievement Awards: 
1967 First Place Award 
1968 First Place Award 
1972 Certificate of Merit 
2 1975 Two Certificates of Merit 
| 1976 Certificate of Merit 
f 1978 Certificate of Merit 
1980 Certificate of Merit 
1986 First Place Award 
1989 Certificate of Merit 
1992 Certificate of Merit 
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IDEAS FOR DESIGN . . . 93 
e Temp controller switches triac 


e Generate stepper-motor pulses 
e Add error check to master-slave 
e Low-output impedance mux 





QUICK LOOK ... . 99 
e My View... Customers know 
better 


e Look for steady growth in world 
power-supply market 


e Kmet’s Korner: Perspectives on 
Time-to-Market 


e Offers you can’t refuse 


PEASE PORRIDGE... . 105 


What’s all this V-F converter stuff, 


anyhow? (Part IT) 





COMPUTER SYSTEMS SPECIAL SECTION 
PC Graphics Watch... 111 
Integrate PCMCIA sockets into 
desktops... 113 

System Design News... 118 
System Design Products... 121 


PRODUCT NEWSLETTER .. . 144 
e Spice handbook comes with floppy 


e Graphics board handles 64 bits 


e Graphics accelerator runs at 128 
bits 
e Fax machine fits in a pocket 


NEW PRODUCTS 
Computers & Peripherals... 147 


Analog... 148 
Instruments... 150 
Digital ICs... 152 
Computer Boards... 156 
Software... 157 
Communications... 158 
Components... 159 


NEW LITERATURE . . . 162 
READERS’ COMMENTS . . . 163 
UPCOMING MEETINGS .. . 167 
INDEX OF ADVERTISERS . . . 168 
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e Report on hot graphics accelerator 
chips 

e How to reuse functional blocks in 
board design 


e New product helps set up PC-based 
data-acquisition boards quickly 


e First look at I/O chip with integrat- 
ed LAN connection 


e Special Section—PIPS: Power 


e PLUS: 

Pease Porridge 
Ideas for Design 
QuickLook 


Permission is granted to users registered with 
the Copyright Clearance Center Inc. (CCC) to pho- 
tocopy any article, with the exception of those for 
which separate copyright ownlcren is indicated 
on the first page of the article, provided that a base 
fee of $2 per copy of the article plus $1.00 per page 
is paid directly to the CCC, 222 Rosewood Drive, 
Danvers, MA 019238 (Code No. 0018-4872/94 $1.00 
+ .50). (Can. GST #R126431964). Canada Post In- 
ternational Publications Mail (Canadian Distribu- 
tion Sales Agreement Number 344117). Copying 
done for other than personal or internal reference 
use without the express permission of Penton Pub- 
lishing, Inc. is prohibited. Requests for special per- 
as or bulk orders should be addressed to the 
editor. 
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Plug-in transistor circuits 

Plug-in transistor circuits, known as “Lee-Pacs”, that offer savings in both 
the development and manufacture of transistorized equipment are available in 
five basic circuit types. All mounted on a standard 9-pin base in the same size 
can, the units include an audio amplifier, a cathode 
follower, two pulse generators, and a sine-wave oscil- 
lator. The units all weight about 1 oz. 

The audio amplifier has an input impedance of 60 
ohms and an output impedance of 10,000 ohms. Power 
out at 1ke with an input of 0.04v peak-to-peak is 1/2mw. 
Direct current bias power is 36mw. There is less than 
1/2db change in output with +15% change in bias. The 
cathode follower has an input impedance of 9000 ohms 
for a load of 1000 ohms. Power output with 4v peak-to- 
peak input signal (the maximum) is 2mw. Frequency 
response is flat from 20cy to nearly 10ke. 

Both pulse generators require 27mw d-c power in- 
put with a load resistance of 270 ohms. The first type 
has a pulse frequency range of 10,000 to 50,000 pulses 
per sec for a pulse width of about lusec. The second 
has a pulse frequency range of 500 to 10,000 pulses per 
sec for a pulse width of about 6usec. Frequency for 
both types varies less than -4% for a -20% change in 
bias voltage. Any frequency between 50cy and 100ke can be specified for the 
sine-wave oscillator. Power output is 2.25mw for a d-c power input of 200mw. 
Dimensions of the units are 2-3/16" x 29/32" x 29/32". They are manufactured by 
Lee Laboratories, Genesee, Pa., who plans to introduce other circuits of this 
size.(Electronic Design, July 1954, p. 22.) 

Already, companies were taking advantage of the transistor’s size advan- 
tages, producing modular, complete-function circuits.—SS 





Parachute test system 

By means of an f-m transmitter mounted inside a dummy, strain-test data 
produced when the dummy is dropped by experimental parachutes is transmit- 
ted to recording instruments on the ground in a system developed to test new 
parachutes demanded by faster aircraft and airborne tactics. The system was 
devised by M.L. Greenough, C.C. Gordon, and associates of the National 
Bureau of Standards, Washington, D.C., for the Navy Bureau of Aeronautics. 

The strain gages are arranged to read tension in the various harness straps. 
Seven measurement channels and a calibration channel are provided. At the 
ground station, a spot on the face of a cathode-ray tube moves up and down 
with the amplitude of the modulating signal. This spot is recorded on continu- 
ously moving photographic film. 

Modulation of the transmitter with the signal from one channel at a time is 
accomplished by means of a “coder” of novel design. The coder supplies a series 
of time-sequential pulses to eight resistance bridges—one for the altimeter, one 
for each of six tensiometers, and one fixed bridge for calibration. 

The bridge-unbalance signals are first amplified and then converted to 
amplitude modulation of a 15ke subcarrier. This subcarrier in turn frequency- 
modulates the 217Mc transmitter by means of a reactance-tube modulator. The 
ground-station receiver gives an output that is identical with the a-m 15ke 
subcarrier in the airborne unit. Demodulator and filter circuits convert this 
output signal to a waveform identical to the original bridge-unbalance signals. 
The transmitter’s output is about 0.75w; range is 2 to 10 miles. Seven tubes are 
required. The battery pack, which provides 7.2v at 1 amp and 190v at 80ma, is 
tailored for about 1 hour of service.(Electronic Design, July 1954, p. 10.) 

Vacuum tubes were the workhorses through much of the 1950s. Although this 
module’s seven tubes drained the batteries in about 1 hour, the unit apparently 
did its job (how many parachute descents last a full hour?).—SS 
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Superior 
on-resistance at 4.5V. 
At a minimum of 
30 milliOhm Rpg (oy) at 
4 5V Ves, our new family of 
N-and P-channel MOSFETs 
features superior on- 
resistance. And that leads to 


a 


a + << + 4 +— = 


HE PATH OF LEAST RESISTANCE. 





significant power savings in 
low-voltage designs. The 
industry’s only true logic- 
level, surface-mount power 
MOSFETs also give you 
higher drain current output 
and very high cell density. 
They’ re ideal for battery- 
powered applications, 


including notebook computers 


and mass storage systems. 
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FROM NATIONAL 


SJ Lele], |p] elex ge): 


To find the MOSFET that 
best fits your needs, 
call 1-800-272-9959 
for a free SO-8 Power Manage- 
ment Design Selection Guide. 
And lower your resistance 
to switching at 4.5V. 


(V 


National Semiconductor 


©1994 National Semiconductor Corporation 
All rights reserved. 





Real-time Multi-tasking 
For MS-DOS and Embedded Systems 


The Tics Realtime multi-tasking kernel is a linkable C library that allows C functions to run 
as preemptive concurrent tasks. Developed for professional software developers who 
need a capable full-featured real-time multi-tasking development system. Tics can run 
with MS-DOS or stand-alone on an embedded micro-processor. Turn your MS-DOS based 
PC into a powerful real-time multi-tasking system. This complete development system 
includes the multi-tasking kernel library, memory management, a multi-tasking COM port 
library, and comprehensive sample programs for multi-tasking dials and gauges, data 
acquisition and control, and more. No royalties. Full C source code for the entire system 


is included. Call today for details. 


- C source code is included - fully documented and 
complete. 


- Includes our new book "The Art of Real-time Program- 
ming". 

~ Tics is written entirely in C and is portable to virtually any 
microprocessor. 


Tics can run with MS-DOS or stand-alone on an em- 
bedded target. 


- The PC timer chip is reprogrammed to user specified 
granularity. 


- Includes multi-taking COM port library for multi-tasking 
serial |O. 


- Preemptive, cooperative, or time-sliced scheduling, 
configurable on a task by task basis. 


- No restriction on the number of tasks. 

- Stack size is variable on a task by task basis. 
- Priorities can be changed dynamically. 

- Tasks may be created dynamically. 


- The development system also includes Tiny Tics, a 
small round robin kernel that is ideal for micro-control- 
lers. 


~ Requires about 8K bytes of code space & is ROMable. 


ma 
; ICS 1584 Camden Village Circle 
San Jose, CA 95124 


REALTIME phone &Fax 408-723-2200 


- Three types of high speed timers: in-line pause, one- 
shot timers, and time critical periodic timers. 


- Differential timer management system. 


- Inter-task communication using message queues or 
high speed mailboxes. 


- Critical region management. 


- High speed memory management system. Un- 
restricted number of memory pools. 


- Priorities on tasks and messages provide great 
flexibility. Priorities on messages means that high priority 
messages go straight to the front of the queue. 


~ Optionally, cooperative tasks may share a common 
stack so that hundreds of tasks can run with the overhead 
of a single stack. 


- Object oriented. Create task instances with their own 
separate instance data. 


- Messages or mail can be sent from within an isr. 
- Time out option while waiting for a message. 


~ Message and timer cancellation. A message or timer is 
cancelled even after it has been dispatched. 


~ Dynamic stack checking option checks for stack pointer 
integrity on each context switch. 


$499 plus shipping & handling 
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FREE ISSUE OF... Electronics 


G et up-to-the-minute coverage of the 
global electronics market! 

Electronics brings you a summary of the 
latest technological developments that will 
impact your business. Each issue includes: 

e News, trends and analysis in key markets: 
telecommunications, semiconductors, 
computers and international trade 

e Global coverage, with reports from Asia, 
Europe and the U.S. 

e Short, concise articles and 
information-packed graphics 


ACT NOW—LIMITED TIME OFFER! 


|_| YES! Send me my FREE issue of ELECTRONICS and enter my 1-year subscription, 
23 issues—for 10% off the regular subscription rate! If I choose not to subscribe, 
Pil simply write “cancel” on the invoice and return it. The free issue is mine to keep. 
One year subscription rates (U.S. funds drawn from a U.S. bank): 
OU.S.398° $88 O Canada $120 $108 (plus GST) Q Other Countries $490 $171 
Please bill my creditcard: Visa MasterCard QAMX Q Discover 


TEC TRONES LER 





Card No. Exp. Date 
: Signature Date 
Title 


Order by FAX: 216/696-6413 or call 216. 
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LITTLE FOOT, 
Big Selection. 


20 V, 50 mQ 


S19952DY 
Complementary N-& P-C 
mn 


N-Ch: 25 V,"9@@m Q 
P-Ch: -25V, 250 mQ 


Si9948 


-20V, 250mQ 


Si9407DY 
Single P-Channel 


4k 


Si9956DY 
Dual NChannel, 


20V, 100mQ 


519936], 


N-Chaaaiae 


304 wennae) 


20 V, 50 mQ -60V, 150mQ P-Ch: 30V,100m2._ 


Si9947DY 
ra 


Si9942DY SI9933DY 


Try these specs on for size. 
Nothing fits your design 
for low on-resistance load 
switching, power conver- 
sion, and motor control like 
the original LITTLE FOOT® 
power MOSFETs. 





Ngan N-& P-Ch 


© 20V, 125 me 
P-Ch: -20 V, 200 mQ 


Lower on-resistance and 
more choice than ever. 


Whether your system runs at 
2.7, 3.3, 5 V, or more, there’s 

a LITTLE FOOT product that 
can help it run cooler and more 
efficiently. You'll notice the 
difference Siliconix proprietary 
technologies make, like 
p-channel devices with a maxi- 
mum 40-mQ on-resistance — 
even at 4.5 V! 


2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995, ext. 528. 
Members of the TEMIC Semiconductor Division: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 
TEMIC International Sales: UNITED KINGDOM: 0344-485757. GERMANY: 07131 67-0. FRANCE: 1-30 60 70 00. ITALY: 02-332 121. 
SCANDINAVIA: 08-733-0090. SINGAPORE: 65-788-6668, ext. 249. HONG KONG: 852-3789789. JAPAN: 3-5562-3321. 


DOV. 110mo 


— Dual P-Channel 


-12V, 40mQ 





Walk a mile in our shoes. 


You can’t beat experience when 
it comes to quality and service. 
We've shipped over 150 million 
devices in three years with less 
than 1 ppm AOQ. 


If the shoe fits, contact your 
local TEMIC sales office. Or 
call 1-800-554-5565, ext. 528, 
for more information. 


Siliconix 


A Member of the L EMI C Group 











NOBODY DOES AMPLIFIERS LIKE ANALOG DEVICES 


Your design specs are tight. 
Not to mention your cost target 


and time to market window. So 


The dual OP295 is the industry’s 
highest accuracy,lowest power 
true rail-to-rail amplifier for 
single-supply applications. 





you call the company that not only 
has the industry’s broadest line 
of high performance op amps, 
but also the absolute best part in 
every category. High speed, preci- 
sion, low noise, instrumentation, 
single supply and low power. 
Drop-in solutions and robust 
designs. And all at competitive 
prices. Which sounds pretty good 
in these days of shrinking boards 


and shrinking budgets. 


With a combination 

of high output current, 
excellent AC performance, 
and unlimited cap load 
drive, the low cost AD817 is ideal i 
demanding video applications. 





The high speed, low power 
AD817 offers 50 MHz unity gain 
bandwidth, 350-V/ps slew rate 
and needs only 7.0mA supply 
current. The AD620 is the first 





monolithic instrumentation amp 
that outperforms traditional 
discrete designs using three op 
amps and associated resistors, yet 
costs less. The OP295 single supply, 
dual op amp is the industry’s 
highest accuracy, lowest power 
true rail-to-rail amp. The amazing 
AD8001 delivers 800 MHz band- 


width on only 50mW of power. 


The AD620 high-accuracy 
instrumentation amplifier 
provides gain from 1 to 1,000 
and replaces discrete designs with 
less overall error, board space and cost. 





SO you get performance and 
value. Plus our worldwide manu- 
facturing capabilities, technical 
documentation, applications 
engineering support and prob- 
lem solving. Put another way, 
exactly the right amplifier at 
exactly the right price so your 
design works exactly the way you 
want. Please call1-800-ANALOGD 


(262-5643) for more information. 


ANALOG 
DEVICES 


Analog. Digital. Solutions. 


Analog Devices, Inc., One Technology Way, PO. Box 9106, Norwood, MA 02062-9106. 
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Design delays taking their 












































© Copyright 1994 Altera Corporation. Altera and FLEX are registered trademarks, and MAX+PLUS II, FLEX Ability, and specific device designations are trademarks of Altera Corporation. All other brands or products are trademarks of their respective holders. 





toll? Take the FLEX lane. 


With 16,000 gates of programmable 


logic, Altera’s FLEX EPF81500 
drives home the Altera Advantage. 


Programmable logic rolls into new territory with the introduction of 
Altera’s latest FLEX 8000 device, the 16,000 gate EPF81500. Now you 


can speed past unnecessary 

















‘Altera FLEX Typical Gate ee 


delays on the way to shipping 
your end product. 

When you move into 
the FLEX lane with our 
EPF81500, you'll leave 
behind the up front NRE celal HDL Veriisg) 


costs, long lead times, and 





y 


In-Circuit Reconfigurability Yes 


high risks associated with gate arrays. You'll be able to make instant design 
iterations, and even change your design system hardware, on the fly, with 
the in-circuit reconfigurability of FLEX 8000 devices. It’s the kind of design 
freedom we call FLEX Ability. 

hei sii Your time investment is protected, too, because our MAX+PLUS I 
development tools allow simultaneous development paths for both 


FLEX and gate arrays by interfacing to industry standard CAE tools. 


the EPF81500 is just right. And if you have used FPGAs in the past, 
EPF81500 you'll definitely appreciate the low cost of FLEX 8000 devices, plus 
their unique speed and predictability. In fact, for the second year in 
a row, industry benchmark results show that Altera’s FLEX family 
offers the fastest devices, at the highest densities, in programmable logic today. 
And by choosing Altera for your programmable logic needs, you get 
more than speed and density. You also get technology leadership, easy-to-use 
design software and comprehensive technical support. This is real value. 
This is the Altera Advantage. 
To find out more about Altera’s products, 
call us at 800-9-ALTERA (800-925-8372), 
or write us at 2610 Orchard Parkway, iB =o 
San Jose, CA 95134-2020. 
We'll help you put the pedal to 


the metal on your design cycle. 
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When you need a high-density, high-speed alternative to gate arrays, 


LCD Proto Kit 


Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 


240 x 64 ; Kit provides 
pixel = serial inter- 
Supertwist | face to IBM 
LCD PC for quick 
mounts prototyping. 
directly A Board also 
onto se supports 
CYB003 do displays up 
proto- ee to 240 x 128 
typin : aS pixels. 
board. = 
Interface to 
6 soft keys or 
4 x 4 key matrix. 


Dial 0-25k 
ohms for LCD 
contrast. 


Controller 
provides 

parallel or 

serial high- 

level control 

of Instrument- 

size LCDs. Up 

to 256 built-in 
windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 
graphics are main- 
tained in separate 
planes, facilitating 
special effects. 

RJ 11 ’ E Complete User 
serial jack for ’ Manual included. 


Alternate Add your own 8051 
Power CPU for stand 
Connector. alone operation. 


Wirewrap 


Kit also includes: 


Power supply provides + 5v and Gnd for 
board, -12v for LCD, 


and + 12v spare. Sample routines in 


8051 Assembler 
and QuickBasic. 


LCD Paint™ for 
creating your own 
graphics 

images. 


4-wire 

RJ11 style 
cable with 
DB25F 
connector 

for your IBM PC. 


$495-Kit * 


ee ce ae Kit. 


($595 p pre-assembled & tested) 


*The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 
fe Box 3000 @ San Gregorio CA 94074 
eA Tel: 415-726-3000 @ Fax: 415-726-3003 
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Demo routines 
preprogrammed 
into 8751 for 
immediate 
gratification. 
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EDITORIAL 





INFORMATION SUPERHYPEWAY 


seem to have struck a resonant chord in my editorial on the Information 
Superhighway a few issues ago. Several readers have already expressed 
strong opinions about the hype that has unfortunately come to define the 
concept in many minds. In fact, one engineer in San Jose recently sug- 
gested that it should really be called the SuperHypeway. 

There is also news from North Carolina, where I’m told there’s an aggressive 
pilot program for connecting schools, universities, and some corporations. 
Although the idea isn’t necessarily a bad one, an engineer who works in 
Research Triangle Park tells me that the governor and the legislators of the 
Tar Heel state are going bonkers over it. 

I tend to agree with Buckminster Fuller’s two-word definition of politics as 
“active ignorance” (I also tend to think that Bucky was referring to the process 
of politics as opposed to taking a broad swipe at all politicians). The definition 
also seems to work in North Carolina, which is likely to find itself leading the 
way in discovering the downside of e-mail ubiquity. 

In its typical mad rush to overexpose anything new, a television news team 
in North Carolina found a marketing type who gleefully concluded that he could 
e-mail his company’s advertisement to 30 million Internet addresses for just a 
few dollars in connection charges. 

There are two problems with this scenario. First, the TV folks are lumping 
the Internet with the Information Superhighway, which is still mostly a figment 
of the imagination. In other words it is many things to many people. Second, 
the marketing maven doesn’t understand that the Internet isn’t for advertising. 
Hopefully, Mr. Marketer will receive 30 million pieces of flame mail in his in-box 
the morning after his advertising blitzkrieg. 

As someone who is relatively new to the Internet (I got my address about a 
year ago), I can already see its value and the potential for misuse. One thing I 
can do about it is to try to address the ignorance part of Bucky Fuller's 
definition. Ignorance is the enemy, and Electronic Design will most certainly 
raise its voice in opposition to anything that will threaten the value of the 
Internet. 

If our readers have anything to pass on to the folks in Washington, or, 
California, or North Carolina, or anywhere this column is read, please let us 
know at edesign@class.org. 









Editor-in-Chief 


DES I G'N 


JULY 11, 1994 











] 








DC-2000 MHz , 


AMPLIFIERS 


In plastic and ceramic packages, for low-cost solu- 
tions to dozens of application requirements, select Mini- 
Circuits’ flatpoack or surface-mount wideband monolithic 
amplifiers. For example, cascade three MAR-2 monolithic 
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz 
amplifier for less than $4.50. Design values and circuit 
board layout available on request. 

It's just as easy to create an amplifier that meets 
other specific needs, whether it be low noise, high gain, 
or medium power. Select from Mini-Circuits’ wide 
assortment of models (see Chart), sketch a simple inter- 
connect layout, and the design is done. Each model 
is characterized with S parameter data included in our 
740-page RF/IF Designers’ Handbook. 

All Mini-Circuits’ amplifiers feature tight unit-to-unit 
repeatability, high reliability, a one-year guarantee, tape 
and reel packaging, off- 
the-shelf availability, with ~ Fo . 
prices starting at 99cents. 2 . <> © 

Mini-Circuits’ monolithic | 468 way. way" Mar YAM aAM 
amplifiers...for innovative | °@ SM 
do-it-yourself problem 
solvers. 





Models above shown actual size 


ed . ‘ 
finding n 
Des ne i = te 
ting higher standards 






F154 REV. A 








¢ Unit price $ (25 qty) 
from 


PLASTIC ++VAM-3 +VAM-6  ++VAM-7 
SURFACE-MOUNT 1.45 1.29 £75 
add suffix SM MAR-1 MAR-2  MAR-3. MAR-4 MAR-6 MAR-7. MAR-8 
to model no. 1.04 1.40 1.50 1.60 1.34 1.80 1.75 
(ex. MAR-ISM) MAV-1 +MAV-2 +MAV-3  MAV-4 MAV-11 
1.15 1.45 1.55 1.65 2.15 
CERAMIC RAM-1 RAM-2. RAM-3. RAM-4. RAM-6 RAM-7_ RAM-8 
SURFACE-MOUNT 4.95 4.95 4.95 4.95 4.95 4.95 4.95 
PLASTIC MAV-1 +MAV-2 +MAV-3. +MAV-4 MAV-11 
FLAT-PACK 1.10 1.40 1.50 1.60 2.10 
MAR-1 MAR-2. MAR-3. MAR-4 MAR-6  MAR-7. MAR-8 
0.99 1.35 1.45 1.55 1.29 1.75 1.70 
Freg.MHz,DC to 1000 2000 2000 1000 92000 2000 1000 1000 
Gain, dB at 100MHz 18.5 12.5 12.5 8.3 20 13.5 32.5 12.7 
Output Pwr.+dBm = 1.5 4.5 10.0 12.5 2.0 55 125 17.5 
NF, dB 55 6.5 6.0 6.5 3.0 5.0 3.3 3.6 


++ Gain 1/2 dB less than shown 


designer's amplifier kits chip coupling capacitors at .12¢ each 
DAK-2: 5 of each MAR-model (35 pcs), only $59.95 (50 min.) 
DAK-2SM: 5 of each MAR-SM model (35 pcs) only $61.95 Size(mils) Value 


2 : f ‘ 80x50. 10, 22, 47, 68, 100, 220, 470. 680 pf 
eee Baer Mn OM MANETs MANS EM 80x50 1000. 2200, 4700. 6800, 10,000 pf 


120 x 60 022, .047, .068, .1 uf 
designer's chip capacitor kit 
KCAP-1: 50 of 17 values, 10pf to 0.1 uf (850 pc), $99.95 


Notes: + Frequency range DC-1500MHz 


Typical Circuit Arrangement 


Rbias 
Voc 
RFC (optional) 
ew ways “block 
re -—e OUT 








WE ACCEPT AMERICAN EXPRESS AND VISA 








P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers /NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 


For detailed specs on all Mini-Circuits products refer to e THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. 


EUROPE 44-252-835094 Fax 44-252-837010 
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Certified ISO 900 


Certificate NO FM24651 


m@ SEMICONDUCTOR BUSINESS 
SALES & MARKETING DIV.(SEOUL, KOREA): TEL : (02) 259-1114 FAX : (02) 259-2468 
SAMSUNG SEMICONDUCTOR INC.(USA,SANJOSE): 
TEL : (408) 954-7000 FAX: (408) 954-7873 
HONGKONG BRANCH: TEL : 8626900 FAX :8661343 
TAIWAN BRANCH(TAIPEI): TEL : (2) 757-7292 FAX : (2) 757-7311 


SAMSUNG ELECTRONICS JAPANCO.,LTD.(TOKYO): 
TEL: (03) 5641-9850 FAX : (03) 5641-9851 
SAMSUNG SEMICONDUCTOR EUROPE GMBH ( FRANKFURT): 
TEL : 0049- 6196-90090 FAX :0049 -6196-900989 
SINGAPORE PTE LTD.,: TEL: 535-2808 FAX :227-2792 








16M SYNCHRONOUS DRAM 


What can you expect from Samsung, the company recognized around the 
globe for the technology that leads to the world’s first dedicated 8-inch, 
16M wafer production line? Only the best... 

Samsung stands ready to quickly respond to the need for high bandwidth in 
new memory and graphic systems. That includes 16M synchronous DRAMs 
(SDRAMs), with fast cycle times being synchronized with system clock, 
which makes them an exceptional choice for high-end PCs, Servers, 
Multimedia, 3-D graphics, Workstations and Multi-processor systems. 
Samsung’s 16M SDRAMs have been optimally designed in x4 and x8 | 
organizations with high frequency operation of 100/83/77 MHz. 


SAMSUNG 


Moreover, these chips are extremely energy efficient, operating on a single 
3.3 volts Supply and accompanied with the highest quality and customer 
service you expect from the world leader in memories. State-of-the-art DRAM 


technology from the leader, Samsung. 


PRODUCT LINE-UP 


one Max. | 


KM44S4020AT-10 100MHz 4096cycle/64ms 
KM44S4020AT-12 83MHz 4096cycle/64ms 
KM44S4020AT-13 77MHz 4096cycle/64ms 


KM48S2020AT-10 100MHz 4096cycle/64ms 
KM48S2020AT-12 83MHz 4096cycle/64ms 
KM48S2020AT-13 77MHz 4096cycle/64ms 


* All Products meet JEDEC Standard 
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PCI: HERE, THERE, EVERYWHERE 


raditionally, when PC designers look for ways to increase the per- 
formance of peripherals such as disk drives and graphics accelerators, 
they’ll resort to using a local bus. The first wave of these buses 
consisted of proprietary alternatives that weren’t compatible with 
each other. That was followed by the VL-Bus, which gained a reputation as an 
inexpensive “quick fix.” Though VL-Bus systems are currently shipping in 
very large volumes, designers now are turning to the PCI bus, which has taken 
the computing industry by storm. 

The PCI bus, originally developed by Intel, isn’t just a desktop local bus 
anymore. PCI is becoming the local bus of choice for systems ranging from 
portables to those built with high-performance VMEbus and Futurebus+ 
boards, and in applications ranging from multimedia and accelerated graphics 
to multiprocessing. The PCI Special Interest Group (SIG) claims that 10 million 
PCs will ship with a PCI bus in 1994 and 30 million in 1995, roughly 75% of all 
systems. 

The PCI SIG, which is the organization that controls 
the specification, revealed it will release a design guide 
by the end of the summer that enables developers of 
most types of portable equipment to integrate the PCI 
bus within their designs. This includes products ranging 
from systems to components and PCMCIA peripherals. 

The guide offers tips and rules on how to connect 
32-bit components, which are typically found in desktop 
PCs, to the PCI bus. Among the components discussed 
are graphics accelerators, hard-disk drives, and network oo 
adapters. The guide also shows designers how to imple- RICHARD NASS 
ment a power-savings feature, the clock run-down pin, COMPUTER SYSTEMS 
that lets users power-down the system clock. In addi- 
tion, because the industry’s eventual move from 5-V logic to 3.3 V will carry 
over to the PCI bus, techniques for implementing the lower voltage are 
described. 

Another move to put the PCI bus into portable gens: comes from the 
development of the Cardbus. The PCI SIG and the PCMCIA technical commit- 
tee are jointly developing the Cardbus standard, which should be included in 
the next release of the PCMCIA specification. The 32-bit bus basically forms a 
bridge between the PCMCIA and PCI buses. Components that may possibly 
connect to the Cardbus include disk drives and network adapters. This means 
that those PCMCIA-based components would reach the same performance 
level as their add-in-card counterparts, which is higher than what’s currently 
achieved by the PCMCIA bus. 

PCI also is making its presence felt in high-end systems. The VMEbus and 
Futurebus+ markets have put their own spin on PCI and created the PMC (PCI 
Mezzanine Card). The PMC connects through a mezzanine interface, as if there 
weren't already enough mezzanine specifications for VMEbus boards. It’s a 
subset of the PCI specification that offers a lower physical profile than the 
standard PCI modules found in PCs. In the PMC standard, the PCI bus acts as 
a local connection between the processor-memory array and the system periph- 
eral controllers, just as is the case with the PC. The PMC is defined under IEEE 
specification P1386.1. The scope of the specification is to define a family of cards 











Call, F. FAX or poe US. ohne “a - 
: free samples and information. | 


TEL: (508) 852-5400 for VMEbus, Futurebus+, and other high-end systems. The PMC specification 
| FAX: (508) 853-8 296 _ | uses electrical and logical layers that are similar to PCI, yet physically different. 
| A VMEbus board that contains a PMC module still fits the VME form factor 
180 9001 Certified : in one slot. The PMC’s high bandwidth can transfer 132 Mbytes/s in 32-bit mode 
7 : and 264 Mbytes/s using 64 bits—the same as a PCI peripheral. On typical 
Uy | | VMEbus boards, the module can connect either through the baseboard’s front 
MICRO NETWORKS panel or its P2 connector. The first PMC modules will include graphics, FDDI, 
324 Clark Street, Worcester, MA 01606 ATM, and other high-performance I/O. 
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Temperature Contral 








 PCMCIA 





_J PC/XT/AT Bus “I Signal Conditioning 


ll the Right Answers for Your PC Data Acquisition Systems 


_ Plug-In Boards Windows, and Windows NT, which is shipped with all 
— Our data acquisition (DAQ) solutions feature products our PC DAQ boards, is like a DAQ operating system, 
for PC/XT/AT, EISA, PS/2, PCMCIA, and parallel port. with routines for most programming languages, 
Innovations include an instrumentation amplifier that including Visual Basic custom controls. 


settles so fast that accuracy is maintained at all gains ‘ 
| ef J Graphical User Interfaces 


and sampling rates, antialiasing filters that cut off at We vj UK Ge ae Pa CAR eeerer re 
the rate of 90 dB in one-sixth octave, and integrated aa eee . 
instrumentation software and remain the leader in 


ae - 
Ban poond yx chron izaupr yarnour BASE bus: this technology with our LabVIEW® and LabWindows® 
Signal Conditioning application software products. 
The National Instruments SCXI system is a high- 

performance, multichannel signal conditioning and 

signal routing front-end system. 





Call for your 
FREE DAQ Designer 
tf NATIONAL . (800) 433-3488 
INSTRUMENTS (U.S. and Canada) 


The Software ts the Instrument* 


Driver Software 
Our NI-DAQ® driver software for DOS, 





6504 Bridge Point Parkway ¢ Austin, TX 78730-5039 USA « Tel: (512) 794-0100 95 (800) 010 0793 (Mexico) @ Fax: (512) 794-8411 


Branch Offices: Australia 03 879 9422 © Austria 0662 435986 © Belgium 02 757 00 20 © Canada 519 622 9310 * Denmark 45 76 26 00 ¢ Finland 90 527 2321 ¢ France 1 48 14 24 24 ¢ Germany 089 7413130 
Italy 02 48301892 Japan 03 3788 1921 © Netherlands 03480 33466 * Norway 32 848400 ¢ Spain 91 640 0085 * Sweden 08 730 49 70 ¢ Switzerland 056 27 00 20 ¢ U.K. 0635 523545 


© Copyright 1994 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 
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Squeeze the most 
out of your design cycle. 


You know time is money. And at Texas 
Instruments, we can help you speed your product 
to market. Meaning you are free to do what you do 
best — create the next breakthrough products. 


Be first to market with leading-edge 
designs. From notebooks and PDAs to wireless 


communications and multimedia, you can 













harness the power of TI’s DSP solu- 
tions, low-power 486 
microprocessors and 

mixed-signal devices to 
design unique products 
fast. Our industry-leading 
TMS320 DSP family offers a 
road map with the flexibility of 
software-programmable solutions 
that can migrate into highly 
integrated, custom DSPs that 
deliver cost-effective high 
performance. And compatible 
logic families and memory 
devices also help you move your 


designs easily from 5 V to 3 V. 


Be XT Bee N DedsN GG 


¥YuOuUR 


Technical support that gets you up to speed, 
fast. Move quickly from selection to prototype with 
clear, concise technical information and real-world 
application notes. And C compilers, emulators, devel- 
opment tools, behavioral models and SPICE rules can 


help you create DSP solutions in record time. 


Setting the benchmark: A 94% on-time 
delivery record. At TI, we deliver what we 
promise. So you won't be left waiting for your ICs 
to arrive. In fact, in an expanding market, we 
set an industry benchmark by having a 94% 


on-time-to-commit-date delivery record. 


Win the race to market. Getting 
to market faster with a better prod- 
uct. That’s what business is all about. 
And with TI, you'll find a unique 
blend of silicon, support 
and service. We call it 
Total Integration™ You'll 
call it your competitive 
edge. To find out more, 
just call your nearest TI 


sales office listed below. 


RR BoAsC Ee 


wp TEXAS 


INSTRUMENTS 


Australia & New Zealand: Sydney, 61-2-910-3100, fax 61-2-805-1186; Melbourne, 61-3-696-1211, fax 61-3-696-4446. 
Hong Kong: 852-737-0338, fax 852-735-4954. India: 91-226-9007, fax 91-226-7849. Korea: 82-2-551-2804, fax 82-2-551-2828. Malaysia, 
Indonesia and Thailand: 60-3-208-6001, fax 60-3-230-6605. People’s Republic of China: 86-1-500-2255, ext. 3750, fax 86-1-500-2705. 
Philippines: 63-2-817-6031, fax 63-2-817-6096. Singapore: 65-390-7100, fax 65-390-7062. Taiwan: 886-2-377-1450, fax 886-2-377-2718. 
© 1994 TI 00-8601ae 
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For | industrys most 


With FPGAs, it’s always something. 
Sacrifice speed to get density. Give 
eee §=6up low power consumption for 
iFX8160 | te ; 
Time speed. If you're tired of living with 
- compromise, you’ll love what Intel 
is serving up. 

Intel’s FLEXlogic family of devices offers the 
best combination of performance, predictability and 
advanced features, with low risk and fast time to 
market. Here’s a taste of what we offer: 

With FLEXlogic devices, your pin-to-pin tpp 


© 1994 Intel Corporation. *Trademarks are the property of their respective owners. 


wake up to 


is 10ns. Period. No matter what path you choose 
or how you route the device. That makes them the 
fastest FPGAs at comparable densities, without 
design surprises. 

FLEXlogic chips are extremely flexible, too. 


—————- —- 





features, 
Intel FLEX logic. 


Their configurable function blocks can be pro- Plus software, available for free, as well as advanced 
grammed as either 24V10 logic or SRAM. They design support on industry-standard CAE tools. 
also have a high number of I/O pins, which you A new day is dawning for logic devices. Call 
can program for either 5V or 3.3V operations. +44 (0) 793 431155 and request literature packet 
And FLEXlogic devices reduce design hassles. | USFLO1 for complete FLEXlogic information. 
For example, they fully support JTAG Boundary Because when it comes to logic innovation, Intel 
Scan IEEE 1149.1 and in-system reconfiguration. definitely has something brewing. 
And the new iFX8160 has on-chip Flash for in- 
system reprogramming. 
To further simplify the design process, Intel 


FLEXlogic devices are supported by Intel PLDshell 
CIRCLE 101 FOR U.S. RESPONSE 


CIRCLE 102 FOR RESPONSE OUTSIDE THE US. 





| JULY 


2nd IEEE Workshop on Real-Time 
Applications, July 21-22. Washing- 
ton D.C. Contact Alexander D. 
Stoyenko, Real-Time Computing 
Lab, Computer & Information Sci- 
ence, New Jersey Institute of Tech- 
nology, University Heights, New- 


SIEMENS 


UPCOMING MEETINGS 


ark, NJ 07102; (201) 596-5765; fax 
(201) 596-5777; E-mail: Alex @vul- 
can.njit.edu. 


IEEE Power Engineering Society 


‘Summer Meeting, July 24-28. Hil- 


ton Hotel, San Francisco, CA. Con- 
tact Eva Tiffer, Pacific Gas & Elec- 
tric Co., Mail Code B28C, P.O. Box 


With the compli- 
ments of silicon! 


25 GHz bipolar 





transistors. 


Never available until now, and now only 
through us: SIEGET® bipolar transistors 
for the 25 GHz frequencies — in silicon. 
Suitable for all mobile communication 
standards — with 3V and 20 dB gain 

at 2 GHz — they give you the perfect 
design solution at a new low price. 


Want to know more? 
Fax (49) 911-3 0012 38, Info HL 9122 
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770000, San Francisco, CA 94105; 
(415) 973-2875; fax (415) 972-6011. 


AUGUST 


MACWORLD Expo/Boston, Aug. 
2-5. Bayside Expo & World Trade 
Center, Boston, MA. Contact Mitch 
Hall & Associates at (617) 361-2001. 


3rd IEEE International Sympo- 
sium on High Performance Dis- 
tributed Computing, Aug. 3-5. Wes- 
tin St. Francis Hotel, San Francisco, 
CA. Contact Geoffrey C. Fox, NPAC 
Director, Room 3-228, 111 College 
Pl., Syracuse, NY 18244-4100; (815) 
443-4741; fax (815) 443-1973; E-mail: 
Gcf @ pac.syr.edu. 


4th IEEE Workshop on Computers 
in Power Electronics, Aug. 7-10. 
The Universite du Quebec, Trois-Ri- 
vieres, Quebec, Canada. Contact 
Adam Skorek, Dept. d’Ingenierie, 
UQTR, C.P. 500, Trois-Rivieres, Que- 
bec G9A 5H7, Canada; (818) 376-5071 
ext. 3929; fax (819) 376-5152. 


IEEE International Symposium 
on Applications of Ferroelectrics, 
Aug. 7-10. Conference Center, Uni- 
versity Park, PA. Contact Amar 
Bhalla, 253 MRL; Pennsylvania 
State University, University Park, 
PA 16802; (814) 865-9232. 


IEEE International Geoscience & 
Remote Sensing Symposium 
(IGARSS 794), Aug. 8-12. California 
Institute of Technology, Pasadena, 
CA. Contact Tammy I. Stein, IEEE/ 
GRSS, 2610 Lakeway Dr., Seabrock, 
TX 77586; (718) 291-9222; fax (713) 
291-9224. 


IEEE Magnetic Recording Confer- 
ence (IMRC ’94), Aug. 16-20. Uni- 
versity of California, La Jolla, CA. 
Contact Roger F. Hoyt, IBM Alma- 
den Research Center, 650 Harry Rd., 
K01/808, San Jose, CA 95120-6099; 
(408) 927-2118; fax (408) 927-3204. 


IEEE International Symposium 
on Electromagnetic Compatibility, 
Aug. 22-26. Palmer House Hotel, 
Chicago, IL. Contact H.R. Hofmann, 
1210 Lawn Meadow Ln., Naperville, 
IL 60540; (708) 979-8627; fax (708) 
979-5755. 
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1.6-GBIT IS Sp ANCEIVERS Until now, AutoBahn—a technology that can move data at a theoretical rate 


of 1.6 Gbits/s—was just a concept on paper. With the announcement of the 


HIt THE MARKET Spanceiver ICs, the concept has transformed into a reality. The chip, which 


was developed by Pep Modular Computers, Scottsdale, Ariz., is being fabricated in a 0.8-um 
MOSAIC V positive ECL process at Motorola Semiconductor, Phoenix, Ariz. The AutoBahn 
Spanceiver IC, called the MC100SX1451, is a parallel-to-serial and serial-to-parallel transceiv- 
er that reduces latencies. The chip, housed in a 14-by-14-mm quad flat pack, should be available 
in the next few months. Sample prices range from $180 to $250, depending on quantity. To help 
developers get their AutoBahn products to market quickly, Pep is releasing a starter kit for 
VMEbus designs. The kit comes with two Spanceivers, each on a small mezzanine board that 
plugs into the VME backplane in a specially terminated slot. The mezzanine also comes with 
128 kbytes of 20-ns static RAM, a fast GAL that contains the logic circuitry required to connect 
the parallel interface to a 32-bit data source, an address counter, and the serial interface to 
pins 21 and 22 on the P1 connector of the VMEbus backplane. The kit also includes a 68030- 
based CPU board and a backplane. It sells for $4990. For more information about the Span- 
ceivers or the kit, call Pep at (602) 483-7100, or Motorola at (602) 655-5734. RN 


FIBER-OPTIC SENSOR Under an effort funded by the U.S. Dept. of Energy, scientists at Lawrence 


Livermore Laboratory, Livermore, Calif., have developed a fiber-optic sen- 


BOASTS LOW Cost sor to detect contaminants. Boasting a low-cost, portable design, the sensor 


was originally developed to sample ground contamination at the Savannah River Technology 
Center in Georgia. The sensor features a chemical reagent that turns intensely red when ex- 
posed to specific chlorinated compounds, suchas trichloroethylene (TCE), with the intensity of 
the color being proportional to the contaminant concentration. Its high accuracy and ability to 
offer immediate results provide a viable option to current sampling and analysis methods. 
Lawrence Livermore Laboratory is in the process of transferring this technology to the pri- 
vate sector. Licensing agreements are already underway. They include deals witn Purus Inc., 
San Jose, Calif., which will use the sensor as an industrial monitor, and with Burge Instru- 
ments, Tempe, Ariz., which will use the sensor as a portable contaminant-measurement pack- 
age. For further information, contact Gordon Yano in the Public Affairs Office at (510) 423- 
3117. CA 


TRUE UTQFP P ACKACE A fully molded ultra-thin quad flat pack (UTQFP) has been developed with a 


mounted height of only 0.8 mm. The package, tooled by Silicon Systems, 


STANDS 0.8-MM TALL Tustin, Calif., addresses problems inherent to some UTQFPs that have pre- 


ceded it. Although those packages have mounted heights in the range of 0.45 to 0.60 mm, they 
are actually half-molded packages that expose the bottom of the package at the pc-board level. 
Exposed metal is a source of reliability concerns. Silicon Systems’s UTQFP is protected from 
ingress of moisture. The initial 64-lead version is JEDEC-compliant and has the same footprint 
as the company’s TQFP and VTQFP packages. For more information, call Silicon Systems at 
(714) 573-6200. Du 


GROUP TO FORM A group of hardware and software developers are banding together to deliv- 


er a standards-based, end-to-end system that supplies interactive two-way 


HOME VIDEO ON DEMAND video-on-demand for end users. The system will employ such standards as 


ATM for communications and MPEG for video-signal compression. The adherence to stan- 
dards ensures compatibility between data-storage equipment, fiber networks, and intelligent 
set-top devices. The proposal calls for the system to include a video and information server 
from Digital Equipment Corp., Maynard, Mass.; a fiber switched-network system from Broad- 
Band Technologies Inc., Research Triangle Park, N.C.; set-top boxes from Philips Consumer 
Electronics Co., Knoxville, Tenn., and Compression Labs Inc., San Jose, Calif.; and software 
from Microware Systems Corp., Des Moines, Iowa. The interactive system will send ATM cells 
all the way to the set-top box, rather than to the final active node in the system. Transporting 
MPEG information in ATM packets, the system will deliver up to 1500 channels of interactive 
programming. For further information about the system, call BroadBand Technologies at 
(919) 405-4816. RN 
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dc to 3GHZz ... SII 


lowpass, highpass, bandpass 


eless than 1dB insertionloss ® greater than 40dB stopband rejection ®surface-mount @BNC, Type N, SMA available 
e5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) ® rugged hermetically-sealed pin models ® constant phase 
emeets MIL-STD-202 tests ® over 100 off-the-shelf models ® immediate delivery 


low pass, Plug-in, dc to 1200MHz 



































Passband Stopband, MHz Passband Stopband, MHz 
Model MHz loss loss Model MHz loss loss 
loss < 1dB > 20dB > 40dB No. loss < 1dB > 40dB 
*LP-5 8-10 10-200 * LP-250 320-400 400-1200 
*LP-10.7 19-24 24-200 * LP-300 410-550 550-1200 
*LP-21.4 32-41 41-200 * LP-450 580-750 750-1800 
*LP-30 47-61 61-200 * LP-550 750-920 920-2000 
* LP-50 70-90 90-200 *LP-600 840-1120 1120-2000 
LOW PASS * LP-70 90-117 117-300 * LP-750 1000-1300 1300-2000 
* P-90 121-137 167-400 * LP-800 1080-1400 1400-2000 
* LP-100 146-189 189-400 * LP-850 1100-1400 1400-2000 
Py * LP-150 210-300 300-600 * LP-1000 1340-1750 1750-2000 
J * LP-200 290-390 390-800 * LP-1200 DC- 1000 1620-2100 2100-2500 
5 Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95, Type N $35.95 
° 
2 Surface-mount, dc to 6J0MHz 
3 SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800 
ei SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 
; SCLF-135 DC-135 210-300 300-600 
te sacchha Price, (1-9 qty), all models: $11.45 
Flat Time Delay, dc to 1870MHz 7 
Passband Stopband VSWR Group Delay Variations, ns 
MHz MHz Freq. Range, DC thru Freq. Range, DC thru 
Model 0.2fco 0.6fco fco 2fco 2.67fco 
























































loss < 1.2dB > 10dB X X X X 
maces Lise * BLP-39 78-117 117 : 0.7 40 5.0 
mv * BLP-117 234-312 312 0.35 1.4 1.9 
* BLP-156 312-416 416 0.3 11 1D 
= es is +18 %#*BLP-200 400-534 534 0.4 1:3 1.6 
eb * — %*BLP-300 600-801 801 0.2 0.6 0.8 
: rt %*BLP-467 934-1246 1246 0.15 0.4 0.55 
Z ¢  ABLP-933 1866-2490 2490 0.09 0.2 0.28 
sb -* ¢ ABLP-1870 3740-6000 5000 9: 0.05 0.1 0.15 
ae Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
; NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
eas high pass, Plug-in, 27.5 to 2200MHz 
Stopband Passband, VSWR Stopband Passband, VSWR 
MHz MHz Pass- MHz MHz Pass- 
Model loss loss loss band Model loss loss loss band 
No. < 40dB < 20dB <1dB No. < 40dB < 20dB <1dB Typ. 
* HP-25 ~ 275-200 210-290 395-1600 
* HP-50 41-200 280-365 500-1600 
o * HP-100 90-400 350-440 600-1600 
oO * HP-150 133-600 400-520 700-1800 
¢ *HP-175 160-800 445-570 780-2000 
= * HP-200 185-800 520-660 910-2100 
2 * HP-250 225-1200 550-720 1000-2200 
2 * HP-300 290-1200 
3 Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, 
Sok bandpass, Elliptic Response, Constant Impedance, 
10.7 to 7OMHz 21.4 to 7OMHz 
Passband 3 dB Stopbands 
I.L. 1.5 dB Bandwidth IL. LL. 
BANDPASS Max. 


ELIPTIC RESPONSE 
x 


CONSTANT 
iMPEDENCE 


\ 


Price, (1-9 qty), all models: plug-in $18.95, 


70 58-82 
Price, 1-9 qty), all models: plug-in $14.95, 
BNC $40.95, SMA $42.95, Type N $43.95 Se ace cnc gin N $30.95 


attenuation, dB 





NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement. 


frequency 
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3pF SCSI Gives Your 
Bus a Lift 


Lighten your bus and take your 
designs to a new level of speed with 
Unitrode's UC5613 nine line SCSI 
active terminator. With the lowest 
capacitance available today, your 
designs will have hotswap ability, and 
a high transfer rate. The UC5613 will 
launch your CD Rom and computer 
peripheral designs with confidence 
and greater speed. 


Call, FAX, or write us today for free 
samples and application information. 


nsal 


1.S./1SO S001/EN 29001 








Megatransfer Rate 


INTEGRATED 
CIRCUITS 


i. UNITROD 


TEL: (603) 429-8610 


FAX: (603) 424-3460 
7 Continental Boulevard, Merrimack, NH 03054 





3pF Channel capacitance during 
disconnect 


Meets SCSI hot plugging capability 


+400mA Sinking current for active 
negation 


Custom power packages are 
utilized to allow normal operation 
at full power (1.2 watts 


0.7V Dropout voltage regulator 


Logic command disconnects all 
termination lines 


100yA Supply current in disconnect 
mode 
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7,500 gates/$62.00 


6,000 gates/$37.00 


©1994. Xilinx, Inc. 2100 Logic Drive, San Jose, CA 95124. Europe, 44(932)349401; Japan,81(3)297-9191; Asia,852(3)721-0900. Xilinx is a trademark, and The Programmable Logic Company is a servic 


e mark of Xilinx, Inc. All other trademarks or registered trademarks are the property of their respective 


: a : pie manufacturing in the busi- 
ness, our FPGAs now feature 
even smaller geometries. 

So naturally, they feature 
even smaller prices, too. 
But the impact doesn't stop 
PRODUC with your product. What 
& we ve done, in effect, is serve 


You're welcome. And really, 
it was no trouble at all. We 





simply reduced the price of 

our product —Xilinx” FPGAs. 
Now you can afford to 

equip your products with the 





best logic solution available. 
You see, thanks to the best 
research, development and 












4,000 gates!$20.00 


holders. All product pricing is representative of a 5000 or higher quantity order. 


notice on the gate array mar- 
ket. To whom we say the 
following: objects in mirror 
are closer than they appear. 
Quite literally, we're going 
as far and as fast as the 
laws of physics will allow. 
Which means you can ex- 
pect Xilinx FPGAs to keep 
getting faster and denser. 
And our prices to keep 
getting smaller and smaller. 
But let's talk about the 
present. For instance, over 
the past year, we've made 
possible as much as a 70% 
savings on our high density 


XC4000 and up to a 50% 
reduction on our high per- 
formance XC3100A line. 
These reductions have 
even reached our lower end 
XC2000 and XC3000 lines 
—as well as our XC7000 
series EPLDs, now avail- 
able for as little as $4 each. 
At these prices, you re- 
ally can't afford not to use 
Xilinx. But not just because 
they'll save you money. 
Because they'll also save 
you time. 
You know that being first 


out of the gate is an often 


5,000 gates/$14.00 


staggering advantage. 
Well, Xilinx FPGAs get 
you to market faster than 
conventional gate arrays — 
months faster. 
Xilinx FPGAs can also 
save you headaches. 
Because a Xilinx FPGA 
isn't finished until you say 
it is, you're not stuck with 
what the gate array foundry 
turns out. You can repro- 
gram it—even in the system 
—until you get it just right. 
And with more than 500 
device/package types, we 


have one that’s right for you. 
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1,200 gates/$4.00 


Want to know more? 

Just call 1-800-231-3386 
and we'll send you a detail- 
ed information package. 

Or contact your local 
Xilinx representative. 

Then use Xilinx FPGAs 
for your next project and 
cut your costs. 

We suggest you hurry. 
After all, your competitors 
know how to read, too. 


>~ XILINX’ 


The Programmable 
Logic Company.” 


Self-Starter 


Power Conservation for 


PC's and Portables 


ith the DS1587 Serialized Real Time Clock, 
your computer can turn itself on at a pre-set time, 
perform a task, and shut itself off. Automatically. 
With no human intervention. 


The DS1587 can even be used to establish a time- 
out program. When a certain amount of time has 
passed without activity, the system is automati- 
cally powered down. 


The DS1587’s kickstart feature opens up new 
possibilities. For example, with a laptop and a 
modem, you can call up your desktop PC from 
halfway around the world, retrieve important 
files, and then turn the PC off. 


A 64-bit, guaranteed unique serial number en- 
graved in silicon identifies each computer for a 
variety of purposes. Like warranty tracking. Or 
asset management. 








Of course, the DS1587 has lots of 
other unique features (that’s why 
we’re known as the world’s leader 
in computer timekeeping chips): 


114 bytes of user NV RAM and 
8K x 8 expanded NV RAM can 
store system configuration data 
and personalization information. 


The device’s 32 kHz output 
alleviates the need for an additional 
oscillator for power management. 


Available as chip (DS1585) or 
standalone module (DS1587) with 
embedded lithium and crystal. 


DS1587 operates over 10 years in 
the absence of external power. 


For more information on our 
large family of timekeepers, 
give us a call at (214) 450-0448. 


DALLAS 


SEMICONDUCTOR 


4401 South Beltwood Parkway @ Dallas, Texas 75244-3292 m Tel: 214-450-0448 Fax: 214-450-3715 
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TECHNOLOGY ADVANCES 


BIOS EMULATION SCHEME LETS RISC 
COMPUTER BOOT UP WITH PC GRAPHICS 


: or commoditization 
of workstations is 
posing an interesting 

challenge to system design- 

ers and system integrators 
when it comes to the graph- 
ics subsystem. Today, the 
broad array of performance 
choices and price points in 
graphics subsystems for 

PCs makes the integrator 

or user of RISC-based 

workstations more envious 
than ever before. 

That envy stems from 
the very-restricted choice 
and very high prices asso- 
ciated with add-in graph- 
ics options usually avail- 
able to the workstation. 
Choices are restricted be- 
cause the graphics drivers 
and interface for a display 
subsystem typically must 
be custom written and op- 
timized for that subsys- 
tem, which increases the 
amount of time needed to 
add a new card choice to 
the option list. 

Ideally, it would be nice to 
get an already developed, 
attractively priced, off-the- 
shelf card for PC graphics 
and just be able to plug it 
into, say, a PCI-based moth- 
erboard in a RISC worksta- 
tion, such as the one the 
Digital Equipment Corp., 
Marlboro, Mass., uses in its 
Alpha-CPU-based _ work- 
stations. However, because 
the graphics cards typically 
contain a video BIOS writ- 
ten for x86-type microproc- 
essors, they can’t readily be 
used—until now. 

A novel BIOS emulation 
scheme developed by DEC 
allows PC graphics cards 
with a standard video BIOS 
ROM to boot up in an Alpha 
workstation. In addition, 
the emulation scheme can 
be expanded to handle 
other I/O cards—disk-stor- 
age controllers, network 


adapters, and other func- 
tions can be moved directly 
from the PC to the worksta- 
tion world without rewrit- 
ing any software. DEC will 
provide this new emulation 
scheme to all of its Alpha 
system-development part- 
ners. Furthermore, DEC 
will even entertain licens- 
ing arrangements so that 
other suppliers of worksta- 
tions not based on the AI- 
pha processor can offer the 
ability to start up systems 
with PC add-in cards. 

In a clone PC, option 
cards typically contain a 
BIOS extension ROM. The 
host-system BIOS then 
uses a well-established pro- 
cedure in the motherboard 
BIOS to search for option 
ROMs to extend the BIOS. 
In a RISC PC, though, the 
code can’t run directly. So 
the system firmware for the 
RISC machine must have 
code specifically built in for 
Specific graphics cards. 
That restricts system de- 
signers, because they must 
preselect the graphics card 
support at the time they de- 
sign and configure the sys- 
tem. This also delays the 
support of the latest card 
designs, creating a continu- 
ous upgrade problem. 

With BIOS emulation, 
explains Peter Hayden, 
manager of BIOS compati- 
bility software at DEC, the 
RISC machine behaves like 
a PC on startup and exe- 
cutes BIOS extension code 
in the emulation mode so 
that the system boots up 
just like a PC. Since the pro- 
cedure only takes place dur- 
ing system boot, the time 
taken to set up and initialize 
the board is minimal. Thus, 
system performance isn’t 
affected once the board is 
set up. 

When power is turned on, 


the main system BIOS puts 
the RISC system into a PC 
emulation mode. As a re- 
sult, the system emulates 
the way the PC goes out to 
look for extension ROMs, 
and then executes x86 code. 
Once the cards are recog- 
nized and the extension 
ROM code is executed, the 
system returns to its native 
RISC mode, but keeps all 
BIOS services for the PC 
cards. 

Speaking in analogies, 
it’s quite similar to the way 
a Basic interpreter works 
as opposed to a Basic com- 
piler. Thus, each time a 
BIOS call comes in, the 
RISC machine interprets 
that call in real time just as 
if it were an x86-type proc- 
essor. And in most cases, it 
does so without impacting 
performance. 

The system BIOS can 
automatically detect x86 
code and perform the cross- 
domain operations. Fur- 
thermore, most PC system 
BIOS functions can be 
mapped into RISC-system 
BIOS native-code func- 
tions. Consequently, the 
RISC machine can retain 
most of its characteristics 
and performance and avoid 
some of the performance 
losses typically encoun- 
tered during emulation. 

As an alternative, DEC’s 
designers could have tried 
to just use a generic PC 
emulation scheme. How- 
ever, because operations 
done at boot-up are differ- 
ent than when the com- 
puter runs application code, 
running a full PC emulation 
mode doesn’t work. To de- 
tect the x86 video BIOS in- 
structions, designers at 
DEC developed proprie- 
tary software that analyzes 
the instruction stream to 
detect the x86 commands. 
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Including an emulation 
technology adds some code 
to the RISC BIOS, but it’s 


not significant in the overall 


scheme of things—just a few 
hundred kbytes of code. One 
more practical alternative to 
the BIOS emulation scheme 
is the OpenBoot approach, 
which is being implemented 
by Sun Microsystems and 
several PCI card suppliers. 
In the OpenBoot scheme, the 
video BIOS ROM contains 
multiple software images. 
The system then would ac- 
cess a particular preas- 
signed address range to 
read in the native-code con- 
figuration information. The 
PCI specification. defines 
how to search the BIOS 
ROM extension for the de- 
sired code image. 

Another advantage of 
the BIOS emulation ap- 
proach is that it keeps the 
amount of ROM on the 
add-in card smaller. It also 
allows use of ISA and 
EISA cards. OpenBoot 
only works for PCI-based 
ecards without manual 
setup. Manually set jump- 
ers on ISA and EISA 
cards would have to be 
used to set the CPU type. 
On top of that, emulation 
lets the system builder 
take advantage of all leg- 
acy cards—ISA, EISA, 
and possibly VL-Bus—as 
well as the new PCI cards. 
Thus, system designers 
and system users have a 
much broader choice of 
what can be plugged in. 

Although the initial sup- 
port focus is for graphics 
boards, the next likely tar- 
get will be storage exten- 
sions, such as SCSI adapt- 
ers. Relatively low-cost 
PCI-bus SCSI controllers 
make ideal candidates as 
add-in second control chan- 
nels to the workstation. The 
extra channel can be used 
either for the purposes of 
redundant backup or as a 
dedicated channel for high- 


= 
oe SSIES SEIREREEREREEEREEL oe RR DERI 


ELECTRONIC DESIGN: 1989-1993 


FIVE YEARS 
OF 


z ¢ 


ON CD-ROM 





ee EE : 
_Geninfo. MP Mavigation Aids 
CONTENTS: 2 = : = 
{ANALOG TECRSQUES DESKEW CLOCKS. MULTIPLY SNES_39> = ; ; f g : : 
pri ar ak ren eras ores are ] i = | é : & : 
4CASE UPDATE: STRIVING FOR PERFECTION. 51> : a .. 
‘WiCASE On promses to boost sofeere quality? z 
> & : : ee 

THE SYSTEM COMBINES THE PERFORMANCE OF ANIC TESTER = 

WITH THE FUNCTIONALITY OF ABOARD TESTER. 

CRIRER © All the hoto a hs 

increased populanity in multichip modules (MCMs) is being driven by : : : : 

lesigne 0 cr fer. But the reduced s == : 

and hig fo g density that make ss : 

4 ! new = i: 





1989 [Eecnowcvesa] 1993 


TABLE OF CONTENTS 








SFE SSE FE 





TESTER TAKES AIM AT MULTICHIP MODULES 


© All the schematics 
¢ All the drawings 


One click of the mouse takes: you to 

the articles, the photo’s, the e All the editorials 
schematics, the charts -7t’s all there! 

Five complete years of Electronic 

Design Magazine on one CD! . All th € le ters 


Electronic Design Magazine, contains five com- _| accessible through hypertext links. Links made directly through 
: | } plete volumes - that’s 124 past issues of Electronic Design | each topic (article) to pictures, illustrations, schematics, full glos- § 
Magazine. Presented in 16-color VGA, it’s packed with more | saries, product demos, and contact names, plus past and subse- 


a THI CD-ROM, blodaced by a Editors of Hyperwriter™ makes the information on this disk instantly 


© than 4,000 photos and graphics, All the articles, features, prod- | quent related topics. 

uct reviews, product updates (even product demosl), editorials, | Specific topics are quickly located using the powerful search § 

©) letters are included - ities oe electronics industry professionals _| features provided. Using a key-word or word strings, you get 
poe expect from Electronic Design. 4 list of all related topics-instantly, : _ : 

©) All of the information in this CD is made instantly accessible Instant comprehensive information. That’ what ‘ed dik is all 
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iiterniationat hoi orders call: 201-393- 6060 “4 Inside USA: 800- 829- 9028- arn. sing est. ® T 0 oer ae fax: 201 -393- 0204 
To order by mail: Send your order to: Electronic Design Magazine, 611 Route 46 West, Hasbrouck Heights, NU 07604 
9 Years of Electronic Design $9 00 1 Year of Electronic Design $gh00" 
Magazine on CD-ROM (1989-93) 95 Magazine on CD-ROM (1993) 


Network 1 & 5 year versions also available - call for details * Upgrade to the 5 year version within 90 days and pay only $200” § 
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Learn the backbone of the Electronic Design Magazine CD-ROM interface - the BUTTONBAR. 


- Powerful, hypertext-based commands let 
you quickly and efficiently find, re-find, 
link, make notations, leave bookmarks, 
export, print, search, get product demos, 
and even return to yout operating system! 


| The Export button 
| will export any or all 

_ of an article based on 
| your selection. 


DOS & Win 
| DOS brings you to 
' the DOS prompt 
screen. aend Win takes you into Windows™ 
without quitting the application. These 
buttons make it easy for you to return to 
Electronic Design Magazine, where you left 
off, without re-launching. 
Printer Commands 
Setup & Print - This feature allows 
you to print articles, editorials, glos- 
saries, illustrations, and even photos (f 
your printer is capable) directly from this 
CD. Great source for phan 


Bookmarks and Notes 
BkMrk - Bookmarks flag topics for future 


reference, just like Sines Eoeanes a bookmark in a 
fda Haned Dooknark | Feal magazine, Mark 
a spot, and the book- 


mark i is stored even if 


BB you quit. 


= | GOTO brings you 


back to your book- 
marks. Deleting them is just as simple. 





Export Filename 


; Filenane: 


NSEDONCD™ | 


DEMOS 
SEYGLOBE . TXT 


Name The Bookmark 


Notes - Add and find your own notations. 
Notes stay until you delete them, even after 
you quit. 


Reader s Notes Annotation 


looks like the Transputer will be the 
next hot chip. We should get our best 
design team working on a Transputer 
based project as soon as possible.> 


Gen. Info - Complete reference 
Contacts - Company names, addresses, 

contact names, phone numbers- all of the 

information you need to follow up. 


Glossary - Full article glossaries, pro- 
vided by the Editors of Electronic 
Design magazine. The CD also comes 
with WORD LINK, which allows you 
to click on any word within the article and | 
if it’s in the glossary, the definition pops 
up. When youre done, a simple click and 
its gone. 


Navigation Aids - Magellan you're not, 
and you don't need to be! 


All the aids youll need to motor your way 
through this CD in no time flat. 


CLR - Clear Back Links - Because every 
article you move to loads into RAM, this 
function allows you to clear articles you've 
finished. ‘This frees up RAM for you to 
continue. 

TOC - Table of Contents - Takes you 
directly to the Volume Table of Contents 
(the whole year) with special links provided 
to Issue [-O.C. 


Duration Topic Name 
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2 Secs. * 930513: CONTENTS 
26 Secs. CLR : Clear Backward Links 
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REL - Show-Related Articles - Calls up a 
list of, and lets you move to, related topics. 
HST - Show-Related History - Shows 
each topic visited during your current ses- 
sion and how long you were there, and 
then lets you return to previous topics. 
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SRH - Search - Conduct simple, complex 
or proximity indexed searches. 

SDX - Subject Index - A hierarchical list 
of key subject areas compiled by the Editors 
of Electronic Design. The index also allows 


direct access to related topics. 


HELP - Instant on-line help for all 


Written in plain, easy to understand terms 
providing information for novice and pro 
alike. Available in any user screen. 
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or low-speed peripherals. 
By dedicating a channel in 
such a manner, slow periph- 
erals needn’t bog down the 
main channel, which im- 
proves overall system per- 
formance. 

As mentioned, the BIOS 
emulation software is free 
to Alpha customers—those 
who previously purchased 
the AXP-150 systems that 
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run the NT operating sys- 
tem. The BIOS emulation 
software will be included in 
all upcoming Alpha/PCI 
systems. 

System OEMs presently 
building Alpha systems also 
get the software free as 
part of a developer’s pack- 
age. They can replicate the 
code on each system with- 
out incurring any additional 


charge. The source code 
also has been licensed to 
American Megatrends Inc., 
Norcross, Ga. The company 
will create custom BIOS 
code that in turn will be li- 
censed to system manufac- 
turers. 

For more information, 
contact Peter Hayden at 
(508) 486-2437. 

DAVE BURSKY 


FUTURE PC DESIGNS DEMAND HIGH-SPEED 
I/OS, FAST GRAPHICS, AND LOW POWER 


hree technical chal- 
lenges dominate the 
world of personal- 
computer designers when 
planning next-generation 
systems: faster operation, 
lower power consumption, 
and, 
other two challenges, im- 
proved features. These 
often diametrically opposed 
requirements are actually 
coming together as new I/O 
buses, higher-performance 
processors, better power- 
management techniques, 
and new graphics and mul- 
timedia circuits lay the 
foundations for the next 
generation of desktop and 
portable computers. 

These demanding design 
areas will be addressed in 
the many technical papers, 
tutorials, and panel ses- 
sions at the Silicon Valley 
Personal Computer Design 
Conference and Exposi- 
tion, July 27-29, at the 
Hyatt Hotel, San Jose, 
Calif. The focus will be on 
the latest CPU, bus, graph- 
ics, and power-manage- 
ment schemes, as well as 
key design issues. 

One such issue involves 
moving data quickly within 
a computer or between a 
computer and peripherals, 
a critical factor in imple- 
menting high-performance 
computers as well as graph- 





once attaining the 


ics and multimedia subsys- 
tems. Many papers at the 
conference will touch on 
this very topic, particularly 
when it concerns designing 
with local buses like the pe- 
ripheral-component inter- 
connect (PCI) bus, the 
Video-Equipment Stand- 
ards Association (VESA) 
bus, the VESA media chan- 
nel, and the high-speed 
P1394 bus. Other presenta- 
tions will look at various I/O 
bus architectures, the use 
of isoKthernet for video 
conferencing, and the im- 
plementation of the tech- 
nique of data streaming to 
move data quickly. 

High-performance com- 
puting and graphics sub- 
systems also will be spot- 
lighted. Papers in various 
sessions will cover such is- 
sues as multiprocessor sys- 
tem design, designing with 
x86 and Power PC micro- 
processors, the optimiza- 
tion of clocking and skew to 
maximize system perform- 
ance, and 3D graphics and 
multimedia implementa- 
tion. Portable systems re- 
ceive attention in sessions 
that cover 3-V/5-V system- 
interface issues, power- 
management techniques, 
PCMCIA modem and wire- 
less LAN design, and infra- 
red data links. 

In the multimedia design 


track, designers at Rambus 
Inc., Mountain View, Calif., 
will examine how the 
VESA media channel and 
the PCI multimedia specifi- 
cation will impact the way 
graphics memory subsys- 
tems will have to be de- 
signed to ensure low-delay 
data transfers. I/O buses 
such as the 100-Mbit/s (ex- 
tendible to 400 Mbits/s) 
P1394 standard will be ana- 
lyzed by National Semicon- 
ductor Corp., Santa Clara, 
Calif., for use as multimedia 
interconnection schemes. 
National Semiconductor 
also will show how easily 


P1394 interfaces can be. 





used on a system mother- 
board. 

Four papers will explore 
multimedia and _ high-per- 
formance graphic displays. 
One paper from Weitek 
Corp., Sunnyvale, Calif., 
covers graphics accelera- 
tion and multimedia video. 
Another delivered by C- 
Cube Microsystems, Milpi- 
tas, Calif., goes into JPEG 
compression/decompressi 
on implementations. And, a 
pair of papers, one from 
3DLabs, San Jose, Calif., 
and another from AT&T Mi- 
croelectronics, Allentown, 
Pa., detail some of the first 
3D graphics adapter-card 
designs. 

Designers manipulating 
3D graphics information, if 
they’re not careful, can end 
up eating up all of the host 
CPU’s processing power. To 
ensure against that happen- 
ing, the AT&T Microelec- 
tronics presentation will 
show how to take advan- 
tage of pixel-embedded 
control bits. In addition, a 
multimedia panel session on 
Wednesday, July 27, exam- 
ines the impact of next-gen- 
eration games on a PC’s ar- 
chitecture. The session will 
focus on such topics as 
graphics memory architec- 
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hy limit your digital designs by using a less capable ¢ the most sophisticated PLD and CPLD synthesis system at 
EDA system? Performance designs require the technical any price. Built around MINC Incorporated’s PLDesigner-XL 
sophistication of the Design Center with the PLogic digital synthesis engine, this programmable logic synthesis system 
circuit simulator. Efficiently verify and debug your digital (PLSyn) is the only desktop product that allows you to design and 
designs using: simulate a system containing programmable logic, discrete digital, 
and analog parts all on the same schematic. PLSyn is sold as an 
¢ advanced timing analysis. True digital min-max timing analysis option to the Design Center. 
helps you find timing problems in your design using the range 
of delay specified by the manufacturer. This technique can find ¢ a system with a future. There is an upgrade path with modest price 
problems that simple single-delay methods can’t—even with increments all the way to the most complete configuration which 
multiple runs. includes mixed digital/analog simulation, analog performance 
optimization, and signal integrity analysis. And, all files are 
¢ interactive reporting of hazard conditions. When there are upward compatible. 
problems with your design, such as setup/hold or worst-case 
timing violations, the Design Center eliminates the guesswork. MicroSim continues to provide personal and powerful Desktop 
Detailed warning messages lead you directly to the timing EDA systems with unrivaled price/performance. For more 
errors; interactive capabilities help you automatically associate information about our digital Design Center system, call toll free 
selected messages with corresponding waveforms. at (800) 245-3022 or FAX at (714) 455-0554. 


eS, MicroSim Corporation 
The Desktop EDA Company 


20 FAIRBANKS * IRVINE, CA 92718 ¢ USA ° (714) 770-3022 
(800) 245-3022 * FAX: (714) 455-0554 « BBS: (714) 830-1550 


Design Center and PSpice are registered trademarks of MicroSim Corporation. All other trademarks are the property of their respective owners. 
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The LMC7I0l ~ Combines range with rail-to-rail input and output 


high-performance and low-voltage opera- ~ Low voltage (3V to 15V) and low power 
tion in the tiniest possible packaging operation (500pA supply current) ~ Low 
(SOT23-5) ~ Provides maximum dynamic offset of 3mV ~ 1IMHz GBW @ 3V ~ 
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Guaranteed over the industrial tempera- 
ture range (-40°C to +85°C) ™ For 


ordering information and a free product 





sample kit, call 1-800-NAT-SEMI, Ext. 307. National Semiconductor 


tures, data-movement ap- 
proaches, and accelerated 
drawing. 

A full view of all portable- 
system design issues is 
planned for Thursday, July 
28. Presentations by Micro- 
_ chip Technology Inc, Chan- 
dler, Ariz.; Geoworks Inc., 
Alameda, Calif.; and Crys- 
tal Semiconductor  Inc., 
Austin, Texas, will look at 
three key aspects of port- 
able systems: intelligent 
battery management, oper- 
ating-system design consid- 
erations, and infrared data- 
link implementations (in- 
cluding the standardization 
efforts of the InfraRed 
Data Association), respec- 
tively. 

Power-management 
techniques for keyboards 
also will be the focus of a 
presentation by Hitachi 
America Ltd., Brisbane, 
Calif. In addition, Elpac 
Power Systems, Irvine, 
Calif., will concentrate on 
portable-system design 
considerations for batter- 
ies, battery chargers, and 
power supplies. 

The use of PCMCIA 
cards in portable systems is 
the key to flexibility and up- 
gradability in many sub- 
notebook and personal digi- 
tal assistants. In that re- 
spect, the implementation 
of a wireless LAN adapter 
and the shoehorning of a 
28.8-kbit/s modem into 
PCMCIA formats will be 
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themes of a pair of papers 
from two divisions of AT&T 
Global Information Solu- 
tions, one based in Duluth, 
Ga., and the other in Hunt- 
ington Beach, Calif., respec- 
tively. 

Low-power _ level-shift- 
ing issues will be examined 
by Texas Instruments Inc., 
Dallas. Discussed are the 
pros and cons of split-rail 
(dual 3.3- and 5-V supplies) 
as well as 5-V-tolerant pure 
3.3-V interfaces. Mixed-sig- 
nal design issues in portable 
hardware also is key to 
well-behaved hardware. To 
that end, Crystal Semicon- 
ductor, Austin, Texas, will 
address mixed-signal needs 
in PDAs and other portable 
systems. And, how to im- 
plement a video subsystem 
that PDAs and other port- 
able systems can use with- 
out draining large amounts 
of battery power will be de- 
tailed by VLSI Technology 
Inc., Tempe, Ariz. 

PCMCIA  implementa- 
tions for memory and I/O 
functions also will be cov- 
ered on Thursday July 28, in 
a presentation by M-Sys- 
tems Inc., Tel-Aviv, Israel, 
while the use of flash file 
systems and flash memo- 
ries is addressed by Adtron 
Corp., Fremont, Calif. 
Rounding out the Thursday 
presentations will be a 
panel session that examines 
the issues of merging multi- 
media technology into port- 


able system formats. The 
panel will be chaired by 
Western Digital Corp., Irv- 
ine, Calif. 

For performance fanat- 
ics, the presentations on 
Friday, July 29, will satiate 
the needs of some high-per- 
formance system design- 
ers. Plug and Play system 
designs as well as PCI in- 
terface designs will be cen- 
tral topics of presentations 
by Cirrus Logic Inc., Fre- 
mont, Calif.; LSI Logic 
Corp., Milpitas, Calif.; and 
National Semiconductor. 
High-performance modular 
architectures, multiproces- 
sing systems, and several 
PowerPC system imple- 
mentation papers will pro- 
vide glimpses of systems to 
be released this year and 
next. 

Cyrix Corp., Richardson, 
Texas, for example, will de- 
scribe a multiprocessor ar- 
chitecture based on _ its 
forthcoming M1 supersca- 
lar x86-compatible proces- 
sor, while Wyse Technolo- 
gies Inc., San Jose, Calif., 
will present details on the 
design of highly modular 
hardware that can _ be 
quickly and easily be up- 
graded. Not to be left out, 
Intel Corp., Santa Clara, 
will show how Energy-Star 
compliance can be designed 
into Pentium-based  sys- 
tems. 

PowerPC system design 
will be covered in a trio of 


64-BIT BUS HANDLES 533 MBYTES/S 
IN HIGH-END MULTIPROCESSOR SYSTEMS 


he high clock rates 

} typifying the latest 
round of microproc- 
essors require a very high- 
speed bus to handle data 
flow between system re- 
sources. Recently devel- 
oped local buses like the 
PCI transfer data at a maxi- 
mum rate of 133 Mbytes/s, 


which may suffice for a 
uniprocessor system. But, 
when multiple CPUs are 
combined in a system, the 
bus can become a data bot- 
tleneck. 

To eliminate that bottle- 
neck, designers at Vitesse 
Semiconductor, Camarillo, 
Calif., came up with a new 


concept called the V-Bus. 
The V-Bus, which features 
a sustained data-transfer 
rate of 5383 Mbytes/s when 
operating at a clock fre- 
quency of 66 MHz, is built 
with a symmetric multi- 
processing architecture. It 
gives all of the bus masters 
the same authority to use 
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papers from Motorola Ince. 
and IBM Corp., both in 
Austin, Texas. Discussion on 
system design issues involv- 
ing clocking and skew mar- 
gins is expected from Tri- 
Quint Semiconductor, Santa 
Clara, Calif. In addition, 
level-2 cache design will be 
covered by Integrated De- 
vice Technology Inc., Santa 
Clara, Calif. 

Wrapping up the final 
day is a panel session that 
will examine the speed ad- 
vantages and implementa- 
tion issues associated with 
various existing and forth- 
coming I/O buses. Chaired 
by TriQuint Semiconductor, 
the session will cover topics 
such as the P1394 bus, 
IBM’s SSA (serial storage 
architecture), the scalable 
coherent interface, and the 
PCI bus. 

DAVE BURSKY 


system resources, such as 
memory and other I/Os. Al- 
though multiple CPUs can 
be manipulating the data, 
the V-Bus supplies a way to 
maintain data coherency. 
And the busis processor-in- 
dependent, meaning that it 
works with most architec- 
tures. 

The V-Bus is a 64-bit data 
bus with a 40-bit demulti- 
plexed address bus. It can 
operate at a maximum 


FINALLY, THERE’S A FAMILY OF 12-BIT ADCs THAT 
WON’T ACT LIKE THIS IN YOUR SYSTEM. 







O matter how well you design 
a system, if voltages go outside the 


rails, your circuits can fry. 
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speed of 66 MHz using Gun- 
ning transistor logic (GTL) 
or at 50 MHz with TTL. It 
supports the MESI mem- 
ory protocol to maintain 
memory-data coherency. To 
reduce snoop latency, two 
tag RAMs are used: one is 
dedicated to CPU accesses 
and the other services the 
snoops. 

To improve snoop la- 
tency, the V-Bus supports a 
line-lock mechanism. Only 
the line that corresponds to 
the locked-cycle’s address 
will be locked. If there are 
no long-latency I/O devices 
on the bus, then a locked 
cycle that needs to use the 
V-Bus will wait for out- 
standing bus cycles to com- 
plete their data phases be- 
fore being locked. 

To maintain software 
compatibility, the V-Bus 
doesn’t impose any particu- 
lar scheme for address map- 
ping. This allows those 
OEMs using the V-Bus to 
choose their own method of 
caching, write protection, 
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and memory-mapped I/O. 
In turn, it helps prevent un- 
necessary address transla- 
tion from one memory 
space to another. 

The V-Bus architecture 
requires an interface chip 
or external cache, equipped 
with the V-Bus protocols, to 
isolate the CPU from the 
V-Bus. The CPU’s speed 
can differ from the V-Bus’ 
speed because the external 
cache is decoupled. Conse- 
quently, CPUs can be up- 
graded without affecting 
the V-Bus interface. 

The cache controller has 
to convert the CPUs to the 
common V-Bus speed. The 
actual cache memory can be 
a direct-mapped or set-as- 
sociative type, but must ac- 
cept burst bus transfers for 
both read and write opera- 
tions. 

On the multiprocessing 
bus, any task can execute 
on any CPU, and a task 
started on one CPU can be 
shifted to another. The bus 
will handle the data coher- 


BARE KNOWN-GOOD DIE NOW 
AVAILABLE ON A LARGE SCALE 


t’s no secret that the 

multichip-module 

(MCM) industry will get 
off the ground only if semi- 
conductor makers finally 
solve the puzzle of supply- 
ing products as known- 
good bare die. Now, with 
the announcement of its 
SmartDie products, Intel, 
Santa Clara, Calif., has 
given MCMs their biggest 
boost in some time. Thanks 
to a die-level burn-in proc- 
ess and a technical-alliance 
program involving various 
assembly subcontractors, In- 
tel can offer bare-die ver- 
sions of processors and flash 
memories. Eventually, the 
SmartDie program will en- 
compass the Pentium and 
1960 CPUs. 


Many emerging system 
applications, including em- 
bedded PCs, PCMCIA cards, 
handheld systems, and per- 
sonal communication de- 
vices, are presenting design- 
ers with form-factor con- 
straints that were previously 
unimaginable. With much of 
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controller 





ency as well as balance the 
workload. 

Up to eight electrical 
loads are supported. These 
can be CPU-cache modules, 
memory, I/O devices, or I/O 
bridges. 

The minimum space be- 
tween elements is 1.5 in. By 
decoding the bus-cycle defi- 
nition, each element on the 
bus must be able to deter- 
mine whether a given cycle 
belongs to them. Each node 
then responds by floating or 
driving the Ready signal 
(see the figure). The bus’ 


the growth in die consump- 
tion driven by such applica- 
tions, it’s clear that the time 
for bare die has arrived. 

In most cases, packaged 
CPUs and memories are 
simply too bulky for appli- 
cations like PCMCIA cards. 
For example, the bare-die 
version of the 33-MHz 
386CX CPU takes up only 
12% of the area of the pack- 
aged version and 25% of the 
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only limitations are deter- 
mined by the scalability of 
the software, and CPU and 
cache performance. 

The V-Bus_ connector, 
which is a 200-pin micro- 
strip vertical plug, is avail- 
able from Amp Inc., Harris- 
burg, Pa. (part number 
AMP121354-9). Its dimen- 
sions are 4.95 by 0.648 by 
0.285 in. 

For more information on 
the V-Bus, contact Vitesse 
Semiconductor at (408) 730- 
3653. 

RICHARD NASS 


height. Intel says up to 5-to- 
1 gains in overall pce-board 
real-estate savings are pos- 
sible with bare die com- 
pared with packaged 
counterparts (see _ the 
photo). This means design- 
ers can place the same func- 
tionality in a much tighter 
Space, or much more func- 
tionality in the same space. 

A number of enabling 
technologies must fall into 


teeeeeee 
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Price Breakthrough! 


Motorola continues price reductions on many Pressure Sensors. 


We kicked off 1994 by promising you 
new, lower prices on our high-quality, 
high-performance Pressure Sensors. 
Read on and you'll see we’re keeping 
our word. 


Here’s Proof! 

Earlier this year, we made 
available an uncompensated sensor 
for under $5; a high impedance, 
temperature compensated sensor for 
under $9; a signal conditioned sensor 
for under $10; and a temperature 
sensor for under 14¢—each in a 
quantity of 5K. Now we're offering 
many of our MPX2000 temperature 
compensated and calibrated sensors at 
an average price of $10* and under, 
also in quantities of 5K. 


A Wide Range of Sensors 


Motorola’s large portfolio of 
silicon Pressure Sensors includes 
devices for differential, absolute or 
gauge pressure measurements. 
They’re available as the basic sensing 
element—with temperature 
compensation and calibration, or with 
full signal conditioning circuitry 
included to interface directly to A to D 
microprocessor or microcontroller- 
based systems. 


Motorola Pressure Sensors feature 
a patented strain gauge design. The 
higher sensitivity and excellent long- 
term repeatability of some of our 
newest units make them ideally suited 
for such applications as altimeters, 
pneumatic controls and robotics, 
liquid level measurement, manifold 
vacuum control, and HVAC systems. 


Contacting Us Now Makes Sense! 


By now, you should be sold on 
Motorola Pressure Sensors. Especially 
when we remind you we're selling 
them at new, lower prices. Contact 
your local sales office for the latest 
pricing information. And for technical 


MK14-5BP, United Kingdom 





Name 


information on our complete family of 
Pressure Sensors, including our 
MPX2000 and MPX5000 series, return 
the coupon below, call 1-800-441-2447, 
or write Motorola Semiconductor 
Products, Inc., Literature Distribution 
Center, P.O. Box 20912, Phoenix, AZ 
85036. Request Pressure Sensor Data 


Book #DL200/D, Rev. 1. 


* Pricing is in US dollars for US delivery only. For 
complete terms and conditions, contact your local 
Motorola sales representative. 


(AA) MOTOROLA 


Motorola and & are registered trademarks of Motorola Inc. 


Please send me Pressure Sensor Data Book #DL200D, Rev. 1. 


632ED071194 





Title 





Company 





Address 





City 


State Zip 





Call Me ( ) 





a cae ee ee ee ae ee ee ee ee ee 





Me es ee ee ee ee ee ee ee ee 





a sss 4 


To: Motorola Ltd., European Literature Centre, 88 Tanners Drive, Blakelands, Milton Keynes 


al 


line for bare die to be prac- 
tical. First and foremost are 
solutions for at-speed test- 
ing, burn-in, and handling. 
Intel developed the capabil- 
ity to test die products to 
levels equivalent to tradi- 
tional packaged ICs. The 
die are tested to operate 
over the full commercial- 
temperature range (0 to 
80°C), including full-speed 
testing of parametrics. 
Intel’s die-level burn-in 
process uses the DieMate 
system from MicroModule 
Systems (MMS), Cupertino, 
Calif., and TI’s Materials and 
Controls Group, Attleboro, 
Mass. DieMate involves a 
carrier/socket system that 
requires no die post-process- 
ing. Intel is the first semicon- 
ductor manufacturer to use 
DieMate in production. 
Handling of bare die is, 
quite literally, a sensitive is- 


LUX YS Corporation 


3540 Bassett Street 


Santa Clara, CA 95054 
CALL US! (408) 982-0700 


FAX (408) 496-0670 
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sue. Intel’s solution is to 
ship the die in Gel-Paks, 
which are vacuum-release 
trays produced by Vichem 
Corp., Sunnyvale, Calif. 
The trays enable the cap- 
ture and removal of con- 
taminants, afford conven- 
ient die storage and re- 
trieval, and provide surface 
and edge protection. The 
trays are packaged in mois- 
ture-barrier bags for fur- 


ther protection. Intel is cur- 
rently evaluating tape-and- 
reel options for the future. 
While just being able to 
procure bare die clears a 
major OEM design hurdle, 
figuring out how to deal 
with them also is a daunting 
obstacle. Intel has lined up 
die-level manufacturing as- 
sistance for customers 
through its Technical Alli- 
ance Program (TAP), bring- 


ing assembly subcontrac- 
tors into the fold. The com- 
panies, which include MMS, 
Anam/Amkor, Jabil Circuit, 
SCI Systems, S-MOS Sys- 
tems, Solectron, and Val- 
tronic USA., offer bare-die 
users technical support in 
designing and assembling 
die into small equipment. 
Call Intel at (800) 626- 
7256. 
DAVID MALINIAK 


4()-MBYTE/S SERIAL LINK POSES 


AS AN ALTERNATIVE TO SCSI 


T's Small Computer 
Systems Interface 
(SCSI) has proven 
quite popular with com- 
puter designers. Yet it car- 
ries some unwanted bag- 
gage, such as different soft- 
ware standards that can 










Also Available from IXYS...1200V FREDs! 
PaLXY’S... DELIVERING POWER EXCELLENCE’ 


cause conflicts. As a result, 
system designers some- 
times seek alternatives 
when connecting storage 
subsystems like disk drives 
and disk-drive arrays. 

One alternative that’s 
getting more notice is the 


art Tyr oy 
XTH13N110 1100V 
XTHT4N100 1000V 


What do you do when your application requires MOSFETs higher than 1000 

Volts? Call IXYS! 

The industry's only 1100 Volt MOSFETs with 0.9202 Rosioy). 

And, if 1000V suits your needs, upgrade your circuit with 0.820. 
IXYS-- more high voltage options. New solutions for power 


conversion efficiency. 
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Serial Storage Architec- 
ture (SSA), developed by 
IBM, San Jose, Calif. Many 
companies have endorsed 
the SSA_AMP, Conner Pe- 
ripherals, Interphase, Iron- 
ics, ITT Canon, Micropolis, 
NCR, QLogic, Siemens- 














Ever notice how front-end design gets all of 


the glory, all the attention? While physical design 
languishes, painfully, in the slow lane. 
Well languish no longer. At Cascade our design 


system is SO intuitive, so unique, that it will 


Things Were Moving At A Blistering Pace. 
Then You Got fo Physical Design. 


forever change your approach to physical design. 
And you know what? It has to. Your front-end 
design tools are handling greater levels of 
complexity in less and less time. So your physical 
design has no choice but to keep up. Add to that 
shorter product life cycles and all that pressure to 
get products to market sooner and you quickly 
realize your old methods just don’t cut it anymore. 
This is where we step in. With our High 
Level Physical Design™ system, you control layout 
just as you control front-end design. That’s a first. 
And here’s another—you never have to leave 


your desktop. 


How, exactly, do we do it? 

We start by linking physical design to even 
the most sophisticated front-end environments. 
We then provide the fastest automated path to 
comprehensive submicron physical libraries. These 
libraries are seamlessly 
integrated with automated 
physical assembly and 
analysis tools. Which 

means you can design full-custom 

complexity and performance in turn- 
around times normally reserved for ASICs. 
And with rules-driven module generators in soft, 
configurable form, even the most aggressive 
submicron designs can be accurately realized 
months or even years earlier. 

To see how a strong back end can help you 
set new personal speed records, give us a call at 
1-800-258-8574. We'll send you an actual case 
history of how a 700,000 transistor JPEG chip 


layout was completed 





in just two months 


using High Level 


CASCADE 


Physical Design. DESIGN AUTOMATION 
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Nixdorf, VLSI Technology, 
and Western Digital. 

The SSA bus’ serial ar- 
chitecture eliminates prob- 
lems of SCSI-connection 
large cables. It requires no 
discrete terminators or ad- 
dress switches. Moreover, 
its serial-connection ASICs 
are less complex and re- 
quire fewer pins than those 
chips used in the SCSI bus, 
reducing cost. 

Because one data signal 
is used on the SSA bus, 
there’s no clock skew to con- 
sider as the data rate or ca- 
ble length increase. The 
bus’ copper-wire transmis- 
sion rate is 20 Mbytes/s in 
each direction (40 Mbytes/s 
total), for a maximum cable 
length of 10 m (1 km over 
fiber optics using a small 
form-factor connector). The 
SSA’s high bandwidth, low 
protocol overhead, and 
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short frame length help 
maintain responsiveness 
and throughput under high 
loads. 

The SSA bus uses a two- 
signal connection for full- 
duplex operation. It em- 
ploys a self-clocking code. 
The data clock is recovered 
from the data signal itself, 





rather than being transmit- 
ted as a separate signal. 
For copper wire, the SSA 
bus uses the differential- 
pair method, requiring four 
wires. The shielded cable 
has a diameter of under 6 
mm. The bus calls for exter- 
nal microminiature nine-pin 
D-shell connectors. Inter- 





nally, twisted-pair or flex 
cable is employed. 

SSA’s flexible addressing 
scheme facilitates strings, 
loops, switched loops, or cy- 
clic paths, as well as hot 
plugging. Up to 127 devices 
can be connected per string 
or loop. In a dual-loop con- 
figuration, the outer loop 


Array 
controller 


HOW DID AT&T PUT 150 WATTS 


AT&T asked Bergquist to help 
design Thermal Clad into their 
next generation of miniature 
DC/DC converters. 
Using Thermal Clad, AT&T | 
Bell Laboratories designers 
have packed 150 watts (2:1 
input voltage, 5 volts output) 
into the same 2.4 x 2.28 x 0.5 inch 
package that others get only 50 
watts into. That’s 54.8 watts per 
cubic inch power density or three 
times the power in a 50 watt space. 
Thermal Clad solves tough heat 

dissipation problems for AT&T. 
Call Bergquist for all your surface 
mount power requirements, we’ll 
send you the new Thermal Clad 
Design Guide. 

Call Toll Free: 1-(800) 347-4572 


IN A 50 WATT PACKAGE? 
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5300 Edina Industrial Blvd. 
Minneapolis, MN 55439 
Tel: (612) 835-2322 

Fax: (612) 835-4156 
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With TI and 1394, 
a single, real-time 
I/O is close at hand. 


An unprecedented universal I/O solution 
connects portables, desktops, peripherals 
and consumer devices as never before. 
It’s the proposed IEEE 1394 High- 
Performance Serial Bus. And it offers 
real-time data transfer for multimedia 
capabilities via low-cost interface. In 
fact, Byte magazine named 1394 “the 
most significant new technology” of 

the fall COMDEX ’93 show. 


Now available, the first fully 
compliant 1394 chipset from TI. 
We're providing breakthrough silicon in 
this emerging interface standard. And 
we are the first to offer a physical-layer 
chip (TSB11C01) and a link-layer chip 
(TSB12C01). Combined, they give you 
a full-chipset solution. 





1394 Serial Bus Features 


e Real-time data transfer for video and 
audio applications 


¢ 100 Mbits/s data rates today; 200 and 
400 Mbits/s in future 


e Live insertion and “plug and play” ability 
¢ Branch and daisy-chain support 
¢ No need for active termination 
¢ Allows for bandwidth allocation 
¢ Single connector for all applications 
. ¢Compliant with proposed 1394 standard 








Fewer ports, faster data 
rates. This leading-edge 
technology allows you to 

2 eliminate current I/O solutions 
such as SCSI, IDE and RS-232. With 
TI’s complete 1394 chipset, you have 
the capability of designing in one com- 
mon interface for all applications, such 
as HDD and CD-ROM, digital cameras 
and printers. 


Inventing the future: You, 
Texas Instruments and 1394. New 
possibilities are what the 1394 standard 
is all about. For complete product spec- 
ification, phone your nearest TI office 
(listed below). 










EX TENDING ..¥.00-8.. RE A Ci 
WITH. T.O TAD: ENTEGRA TT O.N™ 
i} 
Australia & New Zealand: Sydney, 61-2-910-3100, fax 61-2-805-1186; Melbourne, 61-3-696-1211, fax 61-3-696-4446. © 1994 TI 
Hong Kong: 852-737-0338, fax 852-735-4954. India: 91-226-9007, fax 91-226-7849. Korea: 82-2-551-2804, fax 82-2-551-2828. Malaysia, ™ Total Integration, Extending Your Reach and 
Indonesia and Thailand: 60-3-230-6001, fax 60-3-230-6605. People’s Republic of China: 86-1-500-2255, ext. 3750, fax 86-1-500-2705. Extending Your Reach With Total Integration 00-8623ae 


Philippines: 63-2-817-6031, fax 63-2-817-6096. Singapore: 65-390-7100, fax 65-390-7062. Taiwan: 886-2-377-1450, fax 886-2-377-2718. are trademarks of Texas Instruments Incorporated. SLLE@8E1401R 








connects the servers to the 
array controllers, while the 
inner loop connects the con- 
trollers with the storage de- 
vices (see the figure). 

The SSA specification is 
made up of two compo- 
nents: SSA-PH and SSA- 
SCSI. SSA-PH covers the 
physical-transport layer_ 
the physical and electrical 
specification of the serial 
link. SSA-SCSI is the 
SCSI-2 mapping layer. Be- 
cause the logical aspects of 
the SCSI specification are 
appropriate for addressing 
| serially-attached peripher- 
als, SSA-SCSI was carried 
over to the SSA specifica- 
tion in the physical mapping 
of the interface.Designers 
can thus port their products 
from SCSI to SSA with 
minimum code rewriting 
(typically about 15%). In ad- 
dition, similar mappings for 


Turn your 
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the SCSI-3 bus will be pro- 
vided when that specifica- 
tion is approved byANSI. 

Each SSA node performs 
extensive error checking 
and transparent frame re- 
covery. When the devices 
are configured in a loop, al- 
ternate paths to each device 
ensure that no single point 
of failure exists. 

ANSI formed the X3T9.7 
Committee to approve the 
SSA standard. During that 
time, IBM designed the Se- 
rial Interface Chip (SIC) 
that implements the SSA 
protocol. The part cur- 
rently is being sampled. 

IBM also offers an evalu- 
ation card, a protocol ana- 
lyzer, and a 2-Gbyte disk 
drive. Full microcode list- 
ings also are also available. 

Call IBM’s SSA Project 
Office at (408) 284-6039. 
RICHARD NASS 


I don’t know doctor, ever 
since we've made this acquisition, 
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excess inventory 
into a substantial tax break 
and help send needy 
kids to college. 


I've been seeing double!! 
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Call for your 
free guide 
to learn how donating your 
slow moving inventory 
can mean a generous 
tax write off 
for your company. 


Call (708) 690-0010 
Peter Roskam 
Executive Director 


AS 


P.O. Box 3021, Glen Ellyn, IL 60138 
FAX (708) 690-0565 


Excess inventory today... 
student opportunity tomorrow 
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erational Amplifiers 





ake Your Future Faster 


Six new wideband op amps give you the speed you'll need for 
tomorrow's faster designs, PLUS key specs to optimize your 
most demanding applications. 
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World’s Highest Bandwidth, 1.3GHz 1.6GHz Gain Bandwidth at G=2 
OPA640 Is the world’s highest bandwidth op is stable in gains of two or greater 
amp! Its speed and dynamic performance make it and features a fully symmetrical input stage 
your best choice for critical communications and and high slew rate. Try it for RF and imaging 
test equipment applications. designs. 
OPAG40 Key Specifications OPAG41 Key Specifications 
e Bandwidth wo, 1.3GHz at G=+1 e Gain bandwidth .............. 1.6GHz at G=+2 
© Voltage NOISE .ccccccccccccccccccece 2.9nV/VHz © High SIQW [at@ ..ecccsccssssssssssssssseee 700V/us 
e Low harmonics.............. —82dBc at 5MHz e Low harmonics............. —80dBc at 5MHz 
@ HG OMA ci ces hocccakne 85dB o LOWHNISE Soe 3.0nVHz 
e Demo board available e Demo board available 
e Packages: 8-pin DIP, SOIC, Ceramic e Packages: 8-pin DIP, SOIC, Ceramic 


FREE SAMPLES! Speed into the future. ..now! Just fax 1-602-741-3895 for your free samples. And, ask for 
a free copy of our Operational Amplifiers guide. Or, contact your local sales rep for immediate assistance. 


CIRCLE 183 FOR RESPONSE OUTSIDE THE U.S. 
CIRCLE 162 FOR U.S. RESPONSE 


REF 5.0 dBm MARKER 5 000 000.0 Hz 
10 dB/DIY RANGE 35.0 dBm 3:9 dBm 
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CENTER 10 000 000.0 Hz SPAN 12 500 000-0 Hz 
RBH 300 Hz YBN 300 Hz ST 434 SEC 





450MHz, 2.3nV/ Hz 1.3GHz Gain Bandwidth at G=5, 94dB 
OPA642 gives you high speed with very low OPA643 is stable in gains of five or greater, 
distortion and noise—the right combination and offers minimum DC and AC errors. It's 
for your high resolution imaging applications. purely perfect for all preamp applications! Use 


it when you need low noise and high slew rate. 





See 


Packages: 8-pin DIP, SOIC, Ceramic 
Demo board available 
Packages: 8-pin DIP, SOIC, Ceramic 


e Low harmonics.............-95dBe at 5MHz OPA643 Key Specifications 
e Fast 12-bit settling... TONS e Gain bandwidth ................1.3GHZ at G=5 
See PCT Par icsracscavapes sie etnies et e Low harmonics .............-90dBce at SMhz 
e Low diff gain/phase error......0.006%/0.008° © High Slew rate ............... OOOV/US 
e Demo board available ©@ LOW NOISE oo... ee eeeeeeeeseeeeeeeeeeeeee | ONV/VHZ 
° e Fast 12-bit settling...........21ns to 0.01% 
@ 


Burr-Brown Corp. 
P.O. Box 11400 
Tucson, AZ 85734 
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CIRCLE 177 FOR U.S. RESPONSE 
| CIRCLE 184 FOR RESPONSE OUTSIDE THE US. 








650MHz, 55mW 

OPA646’s wide bandwidth and low power 
simplify and improve a wide range of portable 
instrumentation, medical imaging, communi- 
cations, and similar signal processing 





2500V/us, -85dBe applications. 
OPA644's current feedback design gives FL LMS 
you very high open loop transimpedance OPAG46 Key Specifications 


with high slew rate and superior differential 


gain/phase error. It’s perfect for video, RF, and ° Low harmonics 


~82dBe at 5MHz, Ri = 4000 








sus Lee ¢ Low input bias current... ee. QUA 
mL e Fast 12-bit settling........... 15ns to 0.01% 
OPAG44 Key Specifications e Demo board available 
© High bandwidth cscs 500MHz * Packages: 8-pin DIP, SOIC, Ceramic 
e High open loop transimpedance 
Nee tae Te OE a 2.0MQ 
e Low differential gain/phase error 
Ech I Sen ee ea ok 0.008%/0.009° 
e Low harmonics............ —85dBe at 5MHz 


e Demo board available 
e Packages: 8-pin DIP SOIC, Ceramic 





FREE SAMPLES! Speed into the future...now! Just fax 1-602-741-3895 for your free samples. And, ask 
for a free copy of our Operational Amplifiers quide. Or, contact your local sales rep for immediate assistance. 


! International Subsidiary Offices: 
Austria (43) 1 602 63 71, France (33) 1395 43558, Germany (49) 711 77040, BURR - BROWN® 


Italy (39) 2 580 10504, Japan (81) 33 586 8141, Netherlands (31) 03465 50204, 
Switzerland (41) 1 7240928, United Kingdom (44) 923 233837. 
CIRCLE 178 FOR U.S. RESPONSE 
CIRCLE 185 FOR RESPONSE OUTSIDE THE US. 





COVER FEATURE 


HIGH-V OLTAGE BONDED-WAFER ICS CREATE FIRST 
SLIC To SWITCH THE 93-V RMS PHONE-LINE RING 
VOLTAGE ON-CHIP, ELIMINATING PABX RELAYS. 


SLIC EJECTS RELAYS 
FROM PABX LINE CARDS 


FRANK GOODENOUGH 


s telephone private-area 
branch exchanges (PABXs) 
become common fixtures 
within even the smallest 
businesses, the demand 
grows for lower-cost and 
smaller-size PABX systems. PABX systems 
interface to a telephone company’s central- 
office (CO) switch via subscriber-line inter- 
face circuits (SLICs). These SLICs reside on 
line cards, located in both the CO and the 
PABX, and must handle the harsh environ- 
ment of the telephone network, including 
high “ring” voltages, transients, and light- 
ning. 

The traditional approach in dealing with 
these tasks has been to use expensive and 
bulky relays on the line card. However, a re- 
cent SLIC development from Harris Semi- 
conductor will completely undo that proce- 
dure. The company devised a bonded-wafer 
process that allows them to put the ringing 
function, which requires switching 93 V rms, 
on one SLIC. On top of that, two such SLICs 
are incorporated in one tiny package—a plas- 
tic 80-pin metric quad flat pack (MQFP) that 
measures 14 by 20 mm. This is the first com- 
mercial IC to be built on a high-voltage bond- 
ed-wafer process. 

Harris’ HC-5506 SLIC is located on a line 
card in a PABX and provides an interface be- 
tween the harsh environment of the tele- 
phone line’s twisted-pair wiring and the low- 
voltage voice-signal-processing circuits. It 
detects the subscriber’s “off-hook” events 
(such as picking up and hanging up the tele- 
phone), relays dial pulses and dual-tone multi- 
frequency (DTMF) tones to the PABX CO cir- 
cuits, and alerts the subscriber to the pres- 
ence of an incoming call by applying the high- 
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voltage ac ringing signal directly to the 
twisted-pair lines. As a result, it provides two 
channels of transparent communication be- 
tween the voice-signal-processing circuits on 
the line card and the twisted-pair telephone 
line. 

In developing the HC-5506 SLIC, Harris, 
the first “volume” producer of bonded-wafer 
analog ICs, moved a bonded-wafer process 
that created near-gigahertz-bandwidth low- 
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voltage op amps to a process that 
produces high-voltage ICs. The dou- 
ble-metal-layer bonded-wafer pro- 
cess replaced a conventional single- 
metal, high-voltage, dielectrically 
isolated (DI) process that’s been em- 
ployed to build SLIC products for 
over 10 years. 

A bonded wafer’s narrow oxide- 
filled trenches, reaching from the 
surface of a die to the buried oxide 
layer, make possible very dense 
high-voltage devices. This results in 
smaller die (about 30% smaller using 
an earlier single-metal bonded-wafer 
process) than those produced from 
conventional DI processes (see 
“High-voltage IC process, ’’ p. 58). 

Getting the two die into the tiny 
package also required coming up 
with a pair of novel patented circuits. 
These circuits reduced each SLIC’s 
power-dissipation level to under 500 
mW (Figs. 1 and 2). 








The HC-5506 not only is the first 
commercial SLIC to incorporate the 
ringing function, it’s also the first 
high-voltage bonded-wafer IC de- 
signed completely “from scratch” 
and the first to incorporate double- 
level metal. Adding ringing to the die 
eliminates a pair of Form C (single- 
pole double-throw) electromechani- 
cal relays from the line card. And be- 
cause the density of the process al- 
lowed two SLICs to be crammed onto 
the HC-5506 die, adding ringing elim- 
inates two relays from the card (see 
“T thought BORSCHT was beet 
soup?,’’p. 62). 


A TALL ORDER 

To understand the significance of 
the new HC-5506 SLIC, one needs to 
examine the “‘tall order’ of functions 
handled by a telephone line card. 
Line cards perform what in tele- 
phone-company lingo is known as the 


Synthesized resistor 


One-half 
of HC5506 
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BORSCHT functions: 

e Battery feed, which provides dc 
power for the telephone at the end of 
the line. : 
e Overvoltage protection, which 
protects the SLIC and the PABX or 
CO exchange from high-voltage 
transients such as lightning strikes. 
e Ringing, which provides a signal 
to ring the telephone. 

e Supervision, which detects ser- 
vice requests. For example, it de- 
tects when a telephone is picked up 
so a call can be made and when some- 
one hangs up the telephone. 

e Coding, which digitizes the signals 
going from the telephone to the CO, 
and converts the digital signals com- 
ing from the CO to the telephone (or 
from another telephone) to analog 
form. 

e Hybrid, which combines incoming 
as well as outgoing telephone analog 
signals. 


—O Signal from codec filter 
— to codec filter 
to codec ite 


1. THIS SOLID-STATE SLIC incorporates a pair of 250-V switches built from SCRs and diodes. The Harris HC5506 SLIC replaces the 
electromechanical relays now used to switch the ringing voltage (93 V rms) to the telephone line. 
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e Test, which permits checking the 
telephone line for faults. 

To handle these functions, many 
of the line cards in today’s PABX 
systems still require several chips, 
as well as a number of off-chip de- 
vices, including discrete transistors, 
relays, and passives (transformers, 
resistors, and capacitors). The chips 
include early solid-state SLICs and 
an audio codec and a filter (or a Co- 
dec-filter called a ‘‘combo’’). 

No SLIC is currently available 
that can perform all of the 
BORSCHT functions. However, 
Harris and others have successfully 
integrated the battery feed and hy- 
brid functions (and to some degree 
the supervision and test functions) 
on single chips. Some of these ICs 
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employ polysilicon-handle DI to cre- 
ate the high-voltage circuits re- 
quired by these functions, while oth- 
ers employ transformers and com- 
plex anti-saturation circuits. 

The HC-5506 SLIC’s development 
was driven by two major factors: 
cost and size. Putting two SLICs on 
one chip and eliminating the relays 
(the latter can cost as much as $1 
each) reduces both of those factors 
and saves on valuable pc-board area. 
Furthermore, because the relays are 
significantly thicker than the SLIC’S 
80-pin MQFP, the cards can be placed 
closer together. In addition, the larg- 
est external capacitor required by 
the SLIC is just 0.2 wF in value, per- 
mitting surface-mount construction. 
Thus, a given-sized PABX can han- 
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v Useful silicon Oxide 
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Polysilcon handle 


Conventional polysilicon-handle SOI process 


EE © TR ON 1-6 
JULY 11, 1994 


DE S I 








dle more lines, or its package can be 
reduced in size. Both cut the cost per 
input telephone line. Harris esti- 
mates that a PABX supplier can save 
83% on component costs per tele- 
phone line by eliminating the relays 
and using half as many pc boards. 


RING ON CHIP 

Integrating the SCRs that per- 
form the ringing function also pro- 
vides precision-timed, inherent zero- 
current switching, and increases 
system reliability. At the same time, 
it reduces the high-voltage tran- 
sients that cause crosstalk between 
pairs in cable groups. Low crosstalk 
is becoming important now that low- 
level digital signals in the Integrated 
Services Digital Network (ISDN) co- 


Useful silicon i 
4 Oxide 


Polysilicon 


Handle wafer rene 


Bonded-wafer SOl process 





G N 





exist in cable groups with analog 
subscriber lines. 

Like most devices for telecommu- 
nication applications, SLICs must 
meet a variety of domestic and inter- 
national standards, from wire to 
complete systems, to remain compat- 
ible with a technology that’s over 100 
years old. It must appear as a pair of 
wires like the relays, transformers, 
and other passive components that it 
replaces, which—at least theoreti- 
cally—were perfect. As a result, the 
HC-5506’s data sheet contains over 
100 specifications defining its per- 
formance under particular operating 
conditions. Most of these are provid- 
ed as minimum or maximum specifi- 
cations. 

The HC-5506 features a maximum 
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Vir — Vring residual feedthrough of 
—33 dBm (or -75 dB relative to 93 V 
rms). The Vip = VeRinc residual 
feedthrough can be considered the 
ringing-voltage feedthrough to the 
line when the HC-5506’s solid-state 
“Tip” and ‘‘Ring”’ switches are open 
(Fig. 1, again). The ringing voltage 
is 98 Vrms over a frequency range of 
22 to 54 Hz. Because 0 dBm is defined 
as 0.775 V rms across 600 2, and -33 
dB below 0.775 V equals 17 mV rms, 
then the ratio of 93 V to 17 mV is ap- 
proximately 5454:1 (about 75 dB). 
Thus, the feedthrough of the ringing 
voltage to an operating telephone 
line, across the open switches, is +15 
dB below 93 V rms. 

The preceding paragraph illus- 
trates well the often confusing Jar- 
gon of “plain old telephone system,” 
commonly referred to as POTS, 
which developed over the years on its 
own. For example, the terms Tip and 
Ring are the names given the two 
wires of the twisted pair between the 
subscriber’s telephone and the line 
card—but they both carry the ring- 
ing voltage between SLIC and the 
telephone. However, the ring gener- 
ator (which develops the ringing 
voltage) is usually connected to the 
Tip wire, while the Ring wire is con- 
nected to the battery. In the days of 
switchboards with their plugs and 
jacks, the Tip and Ring wires were 
connected to the tip of the plug and 
the metallic ring contact behind it, 
respectively. 


POWER LIMITING 

Maximum power dissipated by 
each HC-5506 SLIC is 500 mW, 1 W 
total for the chip. However, each 
SLIC must limit the de line current 
from the 48-V battery (which powers 
the telephone) to 30 mA. The worst- 
case condition occurs when power- 
ing what’s called a “short loop.” It 
occurs when the 200- to 400-2 tele- 
phone is very close to the PABX. If 
the telephone is just a few feet from 
the PABX line, resistance may be 
only a few ohms. But the battery’s 
full 48 V is required because it may 
have to drive several miles of twist- 
ed-pair line, such as when a PABX 
services a large multi-building fac- 
tory, hospital, or university campus. 
The SLIC must be able to put at least 
16 mA into 1800 2. 
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Under short-loop conditions, the 
load current, limited by the SLIC to 
30 mA, drops only 6 V across a poten- 
tial 200-0 telephone load (modern 
electronic telephones tend to have 
the lowest resistances). The remain- 
ing voltage (42 V) must be dropped 
across the SLIC. A 30-mA current 
would dissipate about 1.26 W/SLIC, 
which represents over 2 W of pack- 
age power dissipation. Novel circuits 
within the SLIC keep power dissipa- 
tion below 500 mW/SLIC, or less 
than 1 W for the HC-5506’s plastic 
MQFP (its conservative specification 
states 1.1 W total power dissipation). 

Minimum longitudinal balance for 
the HC-5506 SLIC between 200 and 
1000 Hz is 58 dB. Longitudinal bal- 
ance is telephone jargon for the 
SLIC’s common-mode-rejection ratio 
when handling a telephone’s signals 
on the twisted-pair telephone line. 
Crosstalk between the two SLICs 
within the package is a maximum of 
—85 dB. 

Other specifications for the HC- 
5506 SLIC include a maximum signal 
swing between transmit and recieve 
modes of 2.18 V p-p, maximum on- 
hook ringing current of 75 mA peak, 
and maximum off-hook ringing cur- 
rent of 105 mA peak. Minimum line 
leakage from tip to ground, ring to 
ground, and tip to ring is 30 kQ. 

The SLIC has a loop resistance 
when the battery voltage is between 
—42 and-58 V of 200 to 1800 N during 
the non-dialing phase, and 0 to 18009 
during the dialing phase. The de loop 
current is a minimum of 16 mA, ata 
line resistance of 1800 2 and with the 
battery voltage set at -42 V and the 
SLIC’s Ve at 4.75 V. Typical de loop 
current is 30 mA. 

Still other specifications include a 
maximum of 2% zero-crossing distor- 
tion (ringing on-hook). The SLIC’s 
ring-trip comparator threshold level 
is 10 mA typical. 

While designed for PABX rather 
than CO line cards, the HC-5506 of- 
fers a number of programmable fea- 
tures. These include gain and imped- 
ance matching, which may make it 
adaptable for CO applications in 
some countries (particularly devel- 
oping or underdeveloped countries 
like China and even India). Other 
chip features include a Tip and Ring 
open state, two-wire ac and dc loop- 
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N EC is introducing a high-speed, low-power, 16-bit fixed-point DSP 
optimized for wireless communications such as digital cellular 
phones and fax/modems. Implemented with a 0.5-micron CMOS process, 
the UPD77017 performs at 33MIPS. 


Reduced power consumption extends battery life 
The 77017 lengthens the battery life of handheld products. Power con- 
sumption is extremely low at 3.8mW/MIPS. There are also two power- 


down modes. 


Lower your system costs and reduce form-factors 

On-chip memories lower your system costs. They include a 12K x 32-bit 
instruction ROM, 4K x 16-bit data RAMs, and 8K x 16-bit data ROMs. 
The 77017 incorporates a PLL clock generator with a clock divider, and 


comes in a low-profile 100-pin TQFP for smaller form-factor designs. 
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To simplify the task of writing, debugging and testing programs, 
NEC offers a comprehensive set of Windows-based development tools. 
These easy-to-use tools can increase your speed to market. 


Now you can have the performance of a 32-bit floating-point DSP, 





but at 16-bit fixed-point prices. 


All registered marks and trademarks are property of their respective owners. 


For fast answers, Call us at: \\s4 Tel:1-800-366-9782. Fax:1-800-729-9288. Germany Tel:0211-650302. Fax:0211-6503490. 

The Netherlands Tel:040-445-845. Fax:040-444-580. Sweden Tel:08-753-6020. Fax:08-755-3506. France Tel:1-3067-5800. Fax:1-3946-3663. 
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Singapore Tel:253-8311. Fax:250-3583. Australia Tel:03-8878012. Fax:03-8878014. Japan Tel:03-3454-1111. Fax:03-3798-6059. 
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back (for the test function), and 
switch-hook and ground-key detect 
outputs on separate pins. The HC- 
5506 SLIC meets CCITT and EIA 
transmission standards. 

Any SLIC is a complex multifunc- 
tional device and the HC-5506 is no 
exception. As a result, only two of its 
unique circuits will be described: im- 
plementation of the ringing function 
and the “power sharing”’ technique, 
which permits linear control of over 2 
W while dissipating less than 1 W. 
These circuits as well as the op amps 
that drive the telephone line are 
made possible by the move to bonded 
wafers (Fig. 1, again). 


No More RELAYS 

When ringing a telephone, the 
SLIC must be switched off the line 
while the ring generator is switched 
on. In earlier SLICs, this function 
was implemented with a single-pole 
double-throw electromechanical re- 
lay. The telephone line is tied to the 
relay’s pole pin, the ring generator to 
one “throw” pin, and the SLIC to the 
other “throw” pin. The resulting in- 
herent break-before-make switching 
ensures that the SLIC and ring gen- 
erator are never connected to the 
telephone line at the same time (see 
the figure in “I thought BORSCHT 
was beet soup?,”’p. 63). 

Bringing the ringing function on- 
chip requires the use of high-voltage 
semiconductor switches. A solid- 
state switch, be it a bipolar transis- 
tor, thyristor, MOSFET, or insulat- 
ed-gate bipolar transistor (IGBT), 
lacks the near-zero on-resistance of a 
relay. Of all solid-state switch types, 
SCRs offer the lowest forward volt- 
age drop per unit area of silicon 
(they’re said to be “the most silicon- 
efficient’). However, SCRs conduct 
current in only one direction and 
their reverse breakdown voltage is 
lower than their forward breakdown 
voltage when they’re off (not con- 
ducting). As a result, a pair of SCRs 
must be employed to form a single 
switch, one for each half cycle of the 
ringing waveform, and a reverse- 
blocking diode must be used in series 
with each SCR (Fig. 1, lower left, ex- 
ploded view.). 

In such a circuit, the minimum for- 
ward voltage drop of an SCR runs 
about 1 V. This results in a dead zone 
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around zero where neither SCR is 
conducting, which is a form of cross- 
over distortion. The distortion isn’t a 
problem for the ringing voltage with 
peaks as great as 150 V. However, a 
SLIC with voice signals of no more 
than a few volts creates such severe 
distortion, SCRs are rendered virtu- 
ally unusable. Therefore, the HC- 
5506 switches the ringing voltage 
with SCRs but replaces them with 
gated amplifiers to switch the SLIC 
in and out of the circuit. That is, the 
SLIC-switching function is embed- 
ded in the transconductance amplifi- 
ers (G) that are used to drive the tele- 
phone line. 

Removing the amplifiers’ bias cur- 
rent forces their outputs into a high- 
impedance “‘tri-state’”’ mode. During 


or years, the plain old tele- 
phone system, affection- 
ately known as POTS, was 
a world unto itself with its 
own unique technology and lan- 
guage. However, over the past 
few years, it has taken full advan- 
tage of the semiconductor indus- 
try that it spawned over 45 years 
ago. In moving to solid-state 
switching (remember, the Bell 
Laboratories Nobel triumvirate 
that invented the transistor were 
looking for a better switch, not a 
linear device), the ‘“BORSCHT”’ 
functions—Battery feed, Over- 
voltage, Ringing, Supervision, 
Coding, Hybrid, and Test—were 
put on line cards. Thus, the sub- 
scriber-line interface circuit 
(SLIC) and codec were born (see 
the figure). 

To reach other telephones, a 
telephone is connected to a 
switching exchange through 
miles of twisted-wire pairs. A 
home telephone (a subscriber) 
goes to a central office or ex- 
change. The exchange also can be 
private (such as within a compa- 
ny), and in the past was called a 
private branch exchange, or PBX. 
Today, most PBXs have been re- 
placed by a private-area branch 
exchange (PABX) full of line 
cards and digital switches. _ 





The exchange contains the © 
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ringing and “wink off’’ (when the 
SLIC is disconnected from the tele- 
phone line), these amplifiers’ high- 
impedance outputs remain connect- 
ed to the telephone line. Here, the 
outputs are yanked around by the 
ringing voltage when it is switched 
in. No actual switch disconnects the 
SLIC from the line; instead, its inter- 
nal current sources, differential 
pairs, resistors, and other devices 
that follow the output voltage, are 
rated at 250 V. The gated amplifiers 
eliminate any identifiable switching 
device that might cause crossover 
distortion between the telephone line 
and the SLIC. 

These amplifiers also sense the ac 
(voice) Tip and Ring signal voltages 
across the 80-k sense resistors 
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provided _. _ 
through the SLIC and mustbeon 
the order of 50 V (nominally 48V). 
Overvoltage protection: The 
long telephone line exists in an 
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leading to the current mirrors. The 
currents from the mirrors are pro- 
cessed and applied as inputs to the 
transconductance amplifiers, which 
drive the telephone line. These cur- 
rents represent a linear function of 
the telephone line’s de, ac, and longi- 
tudinal (common-mode) currents. 
The sense resistors remain in place 
when the ringing voltage is switched 
to the telephone line. 


Cut THE BIAS 


The Ringing command from the 
codec filter cuts off the bias current 
to the amplifiers and turns on cur- 
rent sources connected to the SCR 
gates, thereby turning on the SCRs 
(Fig. 1, again). While the “on” SCR 
passes the ring-generator voltage 
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driving the telephone line from a low 
impedance, the “off” SCR is slightly 
reverse-biased and blocks it. When 
the ringing voltage crosses zero, 
both SCRs are briefly turned off. 
Then for the following half cycle, the 
“on” and “off’’ SCRs’ functions are 
reversed in polarity. Because each 
SCR must be turned on again for 
each half cycle of the ringing volt- 
age, the turn-on current sources are 
kept on during ringing. The collec- 
tors of the transistors forming the 
turn-on current sources also are ex- 
posed to the ringing voltage. As a re- 
sult, they too must be rated at a po- 
tential of 250 V. 

When atelephone is answered, the 
SLIC detects the “‘off-hook’ condi- 
tion and the turn-on current sources 
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are removed. The ‘‘off” SCR remains 
off while the “on” SCR stays on. 
Rather than not being forced off, the 
SCR turns itself off at the beginning 
of the next half cycle when it be- 
comes reverse-biased. The two SCRs 
forming the two switches, one at the 
telephone line’s Tip wire and the oth- 
er at its Ring wire, are now turned 
off. They remain off because the cur- 
rent sources are off. 

During the time when the Ringing 
command is present, the SCRs must 
only be turned on when the ringing 
voltage is near zero. If either were 
turned on at ringing-voltage peaks, 
the instantaneous line-current steps 
might induce currents in other tele- 
phone lines creating noise. 

Once the SLIC detects an an- 
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swered ringing phone (ring-trip de- 
tection), the amplifiers are kept in 
their tri-state mode until the SCR 
switches connected to the ring gen- 
erator are off. However, as noted 
earlier, the SCRs don’t turn off at the 
time the “off? command is given. 
One SCR will already be off and the 
other turns off when the next half 
cycle begins (when it becomes re- 
verse-biased). 

Thus, the circuit needs two zero- 
crossing detectors—one for current 
and one for voltage. When the Ring- 
ing command arrives, the zero volt- 
age detector checks the ring genera- 
tor output and only allows the SCRs 
to turn on when the ringing voltage 
is close to zero. When the SLIC de- 
tects a ring-trip condition, the zero 
current detector checks the tele- 
phone-line current. When the cur- 
rent is close enough to zero to ensure 
that the SCRs must be off, the detec- 
tor informs the SLIC. It then sup- 
plies bias current for the amplifiers, 
turning them back on and connecting 
the SLIC to the telephone line. 


SYNTHETIC RESISTORS 


As noted earlier, the combination 
of voltage and current controlled by 
a SLIC can easily result in dissipat- 
ing power beyond the limit of most 
common IC packages. If convention- 
al control techniques were used for 
the two-SLIC HC-5506, its 80-lead 
MQFP could not have handled the 
power. Consequently, the design 
team developed a pair of power- 
slashing techniques based on earlier 
work at Harris. First, the designers 
adjusted the “de feed curve” to the 
telephone line. Telephone companies 
require the SLIC to deliver specified 
minimum de currents at specified 
battery voltages and line resis- 
tances. As stated previously, meet- 
ing the requirements at the specified 
line loads leads to very high on-chip 
power levels at other unspecified but 
nevertheless real loads. 

To beat the power-dissipation 
problem, the design team first syn- 
thesized an internal 200-0 de resis- 
tance on-chip for load currents below 
20mA. Thatis, for any telephone-line 
load drawing less than 20 mA, the 
SLIC (at de) looks like a voltage 
source with 200 2 in series with each 
line wire. If the line pulls more than 
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dual SLIC. This is accomplished by sharing some of the telephone-line de drive power with 
external power-sharing resistors. When there's 50 V across an open circuit line, no current 
flows through the SLIC or the resistors. When the line is shorted, the SLIC limits the load 
current to 30 mA, all of which flows through the power-sharing resistors. 


20 mA, the SLIC synthesizes a 2000- 
© source resistance. Put another 
way, if a load of 20 mA or less is 


placed between the SLIC’s Tip and 


Ring pins, the SLIC looks like a 200- 
© resistor from Tip to ground and a 
200-O resistance between Ring and 
battery. Every 1 mA of load current 
drops 400 mA across the SLIC—200 
mV from ground to Tip and 200 mV 
from Ring to battery. In Figure 1, 
these resistors are shown in series 
with the output of the amplifiers. 


MINIMIZING POWER 

Ata load current of 20 mA, 8 V is 
dropped across the SLIC (the sum of 
200 2 plus 200 1 multiplied by 20 
mA). Asa result, each additional mil- 
liampere over 20 mA creates a 
change of 4 V across the telephone 
line. This synthesized double-mode 
impedance includes the specified op- 
erating points while minimizing 
SLIC power, particularly when used 
with off-chip power-sharing resis- 
tors. These resistors, connected to 
the Tip and Ring terminals, are en- 
closed within the transconductance- 
amplifier’s local feedback loop and 
share the task of driving the tele- 
phone line. The amplifier controls 
the line current but delivers only a 
portion of it to the line, while the ex- 
ternal power-sharing resistors deliv- 
er the rest. Depending on the tele- 
phone-line length, the line can look 
like a load that varies from 200 to 
2000 9. The local feedback loop ad- 
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justs the percentage of current be- 
tween the amplifier and the power- 
sharing resistors, depending on the 
load presented to the SLIC, to keep 
its power below about 250 mW/SLIC 
for all conditions. 

In this circuit, for a given load, the 
SLIC’s de feedback sets the load 
voltage and current according to the 
“total de-feed” load line (Fig. 2, 
again). Under these load conditions, 
the power-sharing resistors deliver 
the portion of the load current deter- 
mined by the power-sharing resis- 
tors’ load line. The SLIC now deliv- 
ers the difference current between 
the pair of load lines. For example, at 
the load conditions indicated by point 
A, the SLIC sets the load at 22.5 mA 
and 81.5 V. Ata voltage of 31.5 V, the 
power-sharing resistors deliver a 
current of 11 mA and the SLIC deliv- 
ers 11.5mA.U) 


PRICE AND AVAILABILITY 

The HC-5506 dual solid-state SLIC in its 
80-pin MQFP goes for $15 each in quanti- 
ties of 100, or just $7.50 per telephone line. 
Small quantities will be available within 
30 to 60 days. 

Harris Semiconductor, PO. Box 888, 
Melbourne, FL 32901; 1-(800)-4-HARRIS, 
ext. 7246. CIRCLE 514 
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Eg 1. THIS FREQUENCY SPECTRUM shows the FFT results from the 102.4-kHz digitization of an 


analog input signal. The signal is the sum of a 45.1-kHz sine wave and a 147.5-kHz sine wave. 
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DESPITE WHAT MANY BELIEVE ABOUT THE NYQUIST 
THEOREM, UNDERSAMPLING IS DESIRABLE 
IN CERTAIN APPLICATIONS. 


THE BENEFITS OF 
UNDERSAMPLING 


he past decade has seen tremendous improvements in both the hardware 
and software needed to do extensive digital signal processing (DSP). On 
top of that, there’s been an increase in the number of sampling analog-to- 
digital converters (ADCs) that can accurately capture dynamic signals. 
Applications involving DSP span from digitizing audio signals in consumer 
products to vibration analysis in industrial markets to a whole range of uses 
in wireless- and satellite-communications systems. 

Unfortunately, though, much of the literature published during this period concerning 
acquisition and digitization of real-world signals has been misleading or incorrect. This has 
been particularly apparent in many of the discussions concerning Nyquist, and the sup- 
posed limitations that his theorem places on sampling rates. 

This article will present an application idea for using undersampling in a way that 
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clarifies much of the confusion about 
what the Nyquist theorem says, as 
opposed to what many have misinter- 
preted it to mean. In particular, an 
output spectrum (Fg. 1) will be 
shown to contain two different input 
frequencies (45.1 kHz and 147.5 kHz), 
and undersampling will be used to de- 
termine this. However, before getting 
into the application, it makes sense to 
discuss DSP trends that support sig- 
nal analysis. It’s also a good idea to 
review why the Nyquist theorem re- 
ally doesn’t limit usable bandwidth to 
input signals that are dc to half of the 
sampling frequency, as is often as- 
sumed. Finally, the article will discuss 
reasons why undersampling may be 
desirable in real-world applications. 


DSP TRENDS 


Digital-processing speed continues 
to increase rapidly as costs spiral fur- 
ther downward. One of the fast-grow- 
ing digital-IC niches riding this trend 
over the past decade has been chips 
dedicated to DSP applications. More 
recently, this DSP power has become 
accessible to an ever-growing commu- 
nity of designers, with both software 
and hardware development tools 
emerging. 

Over the same period, suppliers of 
ADCs have increasingly included 
sample-and-hold circuits on new 
ADCs, and tested and specified these 
converters with dynamic input sig- 
nals. Like digital ICs, ADCs have 
Seen significant performance and 
speed advances while prices have de- 
clined. 

The enhanced yet less expensive 
digital and analog ICs needed to im- 
plement DSP for real-world systems 
has opened up a large number of ap- 
plication areas. Another way to look 
at this would be to say that the per- 
formance needs for these applications 
were the market drivers for the devel- 
opment of the DSP and ADC ICs. 

Cellular phone systems (which in- 
clude both the phones themselves and 
the base stations) and PC-based mul- 
timedia systems are the DSP applica- 
tions most visible to the general public 
today. However, DSP is rapidly find- 
ing its way into areas like vibration 
analysis for industrial equipment, 
electronic automobile mufflers, and 
power-factor monitoring, which is be- 
coming crucial due to the PCs and 
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104.2-kHz convert 
command generator 
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source 


FFT #1 


eg 


Processing 


FFT #2 


101-kHz convert 
command generator 


Z THE SIMP LE BLOCK DIAGRAM of a dual-rate sampling system shows how a 


signal is sampled, converted, and processed. 


wireless phones that are connected 
asynchronously to power mains. 
In many discussions concerning 


‘Nyquist criterion, it’s assumed that 


the input signal must be limited be- 
fore going into the ADC. However, 
that assumption isn’t derived from the 
theorem itself. It is true that it’s im- 
possible to know from one set of digit- 
ized data alone what frequencies were 
in the original signal (subsequent dis- 
cussion and equations will illustrate 
why this is true). Thus, it’s under- 
standable when many designers, and 
authors, jump to the conclusion that 





the input to the ADC must be limited 
so that it contains no frequencies 
above fs/2. 

Good engineers know that a single 
set of digitized data limits subsequent 
analysis to an fs/2 bandwidth, unless 
there is additional information. Con- 
sequently, without even thinking 
about it, they construct a source for 
that additional information. The extra 
information usually takes the form of 
an antialiasing filter in front of the 
ADC, which limits the input-fre- 
quency bandwidth that the ADC sees, 
and thus limits what frequencies can 
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kHz, the 45.1-kHz input still appears in the 45.1-kHz bin, while the 147.5-kHz signal aliases back 


a 3. IF THE SAMPLING RATE from the first FFT is changed from 102.4 kHz to 101 


into the 46.5-kHz bin. 
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be present in the digitized data. Still, 
the Nyquist theorem itself imposes no 
such limitation. 

The Nyquist theorem does place 
limitations on the information that can 
be derived from digitized data. Basi- 
cally, after collecting a data set of n 
points at a sampling rate of fs, all of 
the original signal’s information is 
confined to an fs/2 bandwidth broken 
down into n/2 frequency bins. 

For example, without additional in- 
formation about the original input sig- 
nal, it’s impossible to look at the plot 
of a fast-Fourier-transform analysis 
and determine whether any specific 
bin contained energy from a particu- 
lar frequency between de and light. 
The FFT results will show how much 
energy was included in a specific fs/n 
section of the fs/2 bandwidth. How- 
ever, each of the fs/n sections can con- 
tain an infinite number of frequency 
components distributed at fs/2 inter- 
vals from dc to light. 

In Figure 1, there’s no way to deter- 
mine from the single set of digitized 
data alone that the actual input spec- 
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trum resulted from a 45.1-kHz signal 
summed with a 147.5-kHz signal. The 
data also could have resulted from a 
single tone at 10.2851 MHz, several 
tones within a few hertz of 45.1 kHz, 
or any of an infinite combination of 
input frequencies. The data clearly 
shows that there’s no significant input 
signal in the other frequency bins 
(which cover an even larger number 
of possible frequencies in the original 
spectrum), but that doesn’t help. 

The real world imposes limitations 
relative to sampling signals and maxi- 
mizing the information contained in a 
digitized data set. If there’s any jitter 
in the system, this will increase the 
noise in the digitized data. The main 
sources of jitter are located in the 
sampling switch of the ADC, and in 
the system circuitry that generates 
the convert command. When testing a 
system in the lab, jitter also may be 
injected by the signal generator driv- 
ing the ADC. Similarly, because sig- 
nal-conditioning circuitry and the 
sample-and-hold amplifier used in 
front of the ADC have finite band- 


width in all real-world applications, 
they will contribute distortion to the 
digitized data. This distortion in- 
creases with input frequency. Jitter 
and distortion are the primary limita- 
tions on the bandwidth capability of 
any digitizing system, but the relative 
contributions from various sources is 
difficult to predict or analyze at higher 
frequencies. 


Wuy UNDERSAMPLE? 


It may be easier to relate to an ap- 
plication using undersampling if we 
first review some practical reasons for 
using this strategy. One common mo- 
tivation for considering undersam- 
pling is the desire to reduce the speed 
requirements on the digital section of 
the system. Consider an analog signal 
of interest with a bandwidth of 50 
kHz, centered on 4.975 MHz. Without 
using undersampling, an analog-to- 
digital conversion rate of at least 10 
MHz would be required, and the digi- 
tal side of the system would need to be 
able to capture the data at this rate. 
However, the Nyquist theorem only 


AN ALTERNATIVE TO ANALOG ANTIALIASING 


: much cue to 
fs/2 than has been normal in the 
past. Such results can raise ques- 
tions (ask my test engineers!) about 
the usefulness of these specifica- 
tions in real-world applications. 

For example, the 100-kHz sam- 
pling rate, 16-bit ADS7805 is guar- 
anteed to have total harmonic dis- 
tortion no worse than —90 dB (for 
the low grade part) with a 45-kHz 
input. The main question from my 
critics is whether this specification 
has any value in real applications, 
because the cost and complexity of 
an analog antialiasing filter to roll 
off 90 dB between 45 and 55 kHz is 
prohibitive. Our ADC costs only 
about $30, compared to an off-the- 
shelf brick-wall filter that can easily 
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expensive eee le filter- 
ing in some applications. In Figure 1, 
the output spectrum is shown for an 
input that was the sum of a 45.1-kHz 
sine wave and a 147.5-kHz sine wave, 
sampled at 102.4 kHz. The second 
sampling ADC, with the output spec- 
trum in Figure 2 illustrates that the 
input signal actually contained two 
different frequencies. The two sets of 
data make it possible to identify the 
original input frequencies and their 
amplitudes. 

Digital signal processing could be 
applied to these two sets of data to 
remove (filter out) the effects of 
either of the original input signals. 
The cost will be increased process- 
ing time, software, and computing 
power, but this higher cost already 
may be less than the cost of analog 
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The main reason for specifying 
the new ADS Family for perform- 
ance near fs/2 is the simple fact that 
we do not want the ADC to limit the 
performance of most real circuits. 
Typically, an ADC that samples at 
100 kHz will have specifications 
based on an input frequency of 1 
kHz. Therefore, designers with ap- 
plications for higher input frequen- 
cies must estimate expected per- 
formance based on typical perform- 
ance curves in the data sheets. With 
performance guaranteed for a 45- 
kHz input, users can be highly con- 
fident that in-system performance 
will be as good or better at any lower 
input frequency. 
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requires a sampling rate of 100 kHz 
(assuming no other frequencies alias 
into the output of the ADC) to get all 
useful information out of the input sig- 
nal. This means that slower digital 
circuitry could be used, or other tasks 
can be interleaved with the collecting 
of the digitized data from the ADC. 

In the above example, power and 
| money also can be saved in the ADC 
section of the circuit. The sample-and- 
hold amplifier needs to have the same 
capabilities for both conversion rates, 
but a 100-kHz ADC tends to be 
smaller, use much less power, and cost 
significantly less than a 10-MHz ADC 
with the same resolution. 

Undersampling also may be a vi- 
able way to extend the capability of 
existing systems with relatively mi- 
nor redesign rather than starting 
from ground zero. No circuit redesign 
is needed beyond possibly having to 
increase the bandwidth of the analog- 
signal-conditioning circuitry up to and 
including the sample-and-hold ampli- 
fier, as long as there’s a method (such 
as the one described below) to identify 
what input frequencies are reaching 
the ADC input. 

Yet another use for undersampling 
is eliminating a complex analog an- 
tialiasing filter (see “An alternative to 
analog antialiasing,” p. 72). 


EXTENDED BANDWIDTH 


Figure 1 illustrates the FF'T results 
from digitizing at a 102.4-kHz rate an 
analog input signal that’s the sum of a 
45.1-kHz sine wave and a 147.5-kHz 
sine wave. Traditionally, one way to 
determine the amplitudes and fre- 
quencies in an arbitrary input signal 
would be to collect multiple sets of 
data and perform separate FF'Ts. The 
analog filter in front of the ADC needs 
to change to limit the inputs at the 
ADC to manageable bandwidth seg- 
ments less than fs/2 wide. Another 
approach would be to simultaneously 
digitize the input signal at two slightly 
different sampling rates, and use the 
two sets of output data to determine 
the original input spectrum. 

When implementing a dual-rate 
sampling system (Fig. 2), it’s useful to 
review how an input sine wave fin will 
show up in an FFT analysis of a set of 
data taken at an fs sampling rate. For 
any fs, the following equation calcu- 
lates the frequency bin b in an FFT 
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that measures the energy of a sine 
wave of frequency fin in the original 
input signal: 


ieee it 
b= BG [=o (1) 


where: 
i= Largest integer < = (2) 
Ss 


To further explain, i is the number 
of times the spectrum is folded back. 


With a 102.4-kHz sampling rate, an 
input signal of 45.1 kHz (i = 0) will 
show up in the 45.1-kHz bin, as will a 
147.5-kHz input (i = 2). Ifthe sampling 
rate were changed to 101 kHz, the 
45.1-kHz input still shows up in the 
45.1-kHz bin, while the 147.5-kHz sig- 
nal aliases back into the 46.5-kHz bin 
(Fig: 3). 

For this dual-sampling technique to 
be of use, the frequency of an arbi- 
trary input signal must be identifi- 
able. Equation 1 works when the in- 
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fundamental in the 16.9-kHz bin. 


put frequency is known, but needs to 
be modified to identify the original 
input-signal frequency components 
from two sets of digitized data. As 
previously discussed, the presence of 
a peak in bin b of an FFT analysis can 
result from an infinite number of dif- 
ferent input frequencies. These fre- 
quencies are at discrete intervals re- 
lated to fs as follows: 


ee i he 
fin =(-1)'b +] i4 ——— |= 
in ; 5 is (3) 


10S opis. 


In equation 3, i can theoretically 
take on any integer value from 0 to 
infinity. Thus, the presence of a peak 
in bin b doesn’t clearly identify the 
actual input frequency. Using a dual- 
rate sampling technique can help this 
situation significantly. Solving Equa- 
tion 3 for two different rates (fs1 and 
fs2) and the frequency bin of interest 
in each (b1 and bg) will result in: 


j ie 
SACS yee pe 
fin =(-1)" by [s 9 | 9 


n= 01.2.5 23: 


(4) 





_(.1)M 
fing = (-L)™ be s[ mod js 
m=0,1,2,3,.3: 


Finding values ofn and m where fint 
= fing will determine actual input fre- 
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6. THIS PLOT REVEALS that a 495.1-kHz input sampled at 102.4 kHz has its 


quencies that could generate the 
peaks in the FFT bins. In the empiri- 
cal tests that will be described shortly, 
frequencies above 2 MHz were 
uniquely identified. Because the dis- 
tortion starts to increase significantly 
on the ADC at that frequency, higher 
input frequencies weren't tested. 
Calculating the frequencies at 
which the FFTs start repeating the 
pattern of lower-frequency input sig- 
nals is encouraged. In other words, it’s 
beneficial to determine the spacing of 


the n and m values that start repeat- 
ing solutions to fini = finz, because n 
and m can go to infinity. As a hint, the 
FFT results seen for all frequencies 
between de and fy/2 are first repeated 
for inputs somewhere above 50 MHz 
when implementing the dual-rate 
technique using 101- and 102.4-kHz 
sampling rates. 


PRACTICAL APPLICATIONS 


In practical applications, the math 
starts to get fairly complicated. This is 
partly due to the fact that the number of 
data points (samples) in each FFT must 
be factored in, because it affects the bin 
width in the FFTs. What this repetition 
means for practical applications is that 
some form of antialiasing filtering in 
front of the ADC may be required to 
implement a dual-rate approach. In 
some applications, the bandwidth limita- 
tions of the input-signal-conditioning 
circuitry and the ADC may provide 
enough inherent filtering of higher input 
frequencies; in other cases, a simple pas- 
sive RC filter is all that’s needed. 

Another set of constraints at spe- 
cific lower frequencies also falls out of 
solving for fin1 = fing, and will require 
consideration before implementing 
this approach in some applications. 
Assuming fs2 > fsi, then any input 
signal at frequency: 
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7. WHEN THAT SAME 495.1-kHz input from Figure 6 is sampled at 101 kHz, the 


fundamental appears in the 9.9-kHz frequency bin. 


JULY 11, 1994 





DES IGN 








UNDERSAMPLING TECHNIQUES 





will be indistinguishable from an in- 
put signal at: 


f.1 + fy2 
: 


and any input signal at: 


fg fx —fs1 
9 p Bash (8) 


will be indistinguishable from an in- 
put signal at: 


“yf fa t fo 
2 2 


(7) 


(9) 


where p can be any integer starting 
at 1. There are no conflicts at any 
other frequencies, until the input sig- 
nal reaches the very high frequencies 
where the whole spectrum starts re- 
peating. These potential problem fre- 
quencies should be tolerable in many 
applications for several reasons: they 
are predictable, don’t start until 
above the lower sampling frequency, 
occur relatively seldom, and can be 
placed where desired by choosing ap- 
propriate sampling frequencies. 

The Burr-Brown ADS7819 was 
used to test the dual-rate sampling 
system described previously (Fig. 2 
again). This is a 12-bit sampling ADC, 


ing any specified range 


- input frequencies. He offered his | 


ideas for inclusion in future semi- 





his name. Here is his approach (but 
give me credit for any errors or mis- 
understandings because his original 
was longer): 

Assume that the bandwidth of in- 
terest to be digitized ranges from a 
lowest frequency of interest (f1) to 
the highest frequency (fH). For the 
full range of fL, to fy to be unambigu- 
ously represented after digitization 
at asampling rate of fs, the following 
two equations must hold: 


kf 
( fy (A) 
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nars, but didn’t authorize us to use 





which is specified for conversion rates 
up to 800 kHz, was chosen because the 
input sample-and-hold is accurate 
well beyond its 400-kHz fs/2 rate. In 
fact, this ADC maintains excellent 
performance digitizing 1.5-MHz full- 
scale inputs, with SINAD still at 60 
dB, or roughly 10 bits. 


SPREADSHEETS 


With due apologies to Bob Pease, a 
spreadsheet was used to determine 
original input frequencies from data 
sets digitized at 102.4 kHz and 101 
kHz. Pease is correct when he says 
that spreadsheets can lead to gross 
errors if misused to replace thinking 
and common sense. They can be an 
excellent tool to test theories and as- 
sumptions, and to implement repeti- 
tive tasks, as was done to solve Equa- 
tions 4 and 5. Using a spreadsheet to 
attempt to implement the derived 
equations also eased the task of find- 
ing errors in the original deriva- 
tions—about half the problems that 
were found related to the derivation, 
while the other half were with the 
spreadsheet. Neither alone would 
have yielded the final results as 
quickly, at least for the author, who 


which is the interval of allowed com 





pling frequencies. Removing fs from 


Equation 3 yields: 
2fy 2f, 
k+1 k (D) 





which can be used to define the 
maximum allowable value of k as 
follows: 


fL 
wt © o 


The highest value of k that meets 
the conditions of Equation E deter- 
mines the maximum undersampling 
that will keep the full fL-to-fy band- 
width in the digitized output. 

Furthermore, the parity of k de- 
termines whether the order of the 
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hasn’t attended college math classes 
for quite some time! 

In developing this article, anumber 
of pairs of data sets were taken using 
a dual-rate ADS7819 sampling sys- 
tem for various input frequencies 
from de to above 1 MHz. These pairs 
of data sets were then independently 
analyzed to see how well the original 
input frequency could be determined 
from the digitized data alone. Each of 
the actual input sine-wave frequen- 
cies was accurately determined using 
Equations 6 through 9. Reviewing the 
results for several of the input fre- 
quencies shows empirically how the 
dual-rate approach works (Figs. 4 
through 9). 

Figures 4 and 5 show results from 
one of the sets of data. In both of these 
FFTs, the fundamental shows up in 
the 45-kHz bin. Using Equations 4 
and 5, we can calculate that this means 
the input frequency actually was 45 
kHz. This is just what we should intui- 
tively expect, because the dual-rate 
technique detects aliasing by the shift 
in fundamentals in FFTs calculated 
from data taken at different sample 
rates. 

Figures 6 and 7 show that the fun- 


want to ‘digitize 2 50- kHz Gancdwidtli | 





signal riding on a 1-MHz carrier, 
then f1, = 975 kHz and fy = 1025 kHz. 
Solving Equation E shows us that k 
can be no greater than 19. Because 
k = 19 would yield an inversion in the 
spectral location of the fL and fy bins 
after digitizing, let’s choose k = 18, 
and solve Equation C for an accept- 
able fs range: 


107 9 kia (108. 8 ki OF 


Note that the desire to maintain 
spectral order after digitizing only 
increases the required sampling fre- 
quency by about 5.5 kHz as com- 
pared with using k = 19. 


Nid 





damental appears in the 16.9-kHz bin 
when sampled at 102.4 kHz, and in the 
9.9-kHz bin when sampled at 101 kHz. 
Solving for various possible input fre- 
quencies using Equations 4 and 5 
shows that the actual input had to be 
495.1 kHz in order for the fundamen- 
tals to alias into exactly these two bins 
for these sampling rates. 

As an additional check for both the 
equations and the spreadsheet, at- 
tempts were made empirically to find 
another input frequency that would 
result in these two FFTs, but no other 
input frequencies worked. Note that 
even at the full 800-kHz maximum- 
specified sampling rate for the 
ADS7819, this input frequency is still 
undersampled, but the performance 
of the sample-and-hold on the ADC 
hasn’t degraded significantly. Sam- 
pling at 800 kHz wouldn’t have 
yielded any additional information 
about the 495.1-kHz input sine wave, 
as compared with collecting the data 
at roughly 25% of that rate using two 
ADS7819s. 

Figures 8 and 9 begin to show one 
of the real-world limitations pre- 
viously discussed. Looking at either of 
these FFT plots raises the question of 
whether the original input consisted 
of a single tone near full scale plus 
additional tones roughly 70 dB below 
full scale, or whether a single input 
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tone was being distorted by the sam- 
pling mechanism. Using Equations 4 
and 5, it can be determined that the 
fundamental bins in these two figures 
are consistent with a single input tone 
at 1301.3 kHz. The other lower peaks 
in the FFT, located in the harmonic 
bins associated with a 13801.1-kHz in- 
put, are consistent with the expected 
distortion as described in the 
ADS$7819 data sheet for very-high in- 
put frequencies. 

Comparing Figures 4 and 5 with 
Figures 8 and 9 points out another 
real-world limitation to practical un- 
dersampling, although this limitation 
applies not only to the dual-rate sam- 
pling approach, but to any undersam- 
pling technique. Between these pairs 
of FFTs, the signal-to-noise ratio 
(SNR), which excludes harmonics, de- 
grades from slightly above 70 dB to 
about 65 dB. The prime cause of this 
degradation is jitter, although it’s ex- 
tremely difficult to determine the 
relative contributions to jitter from 
the ADC, the conversion clock gener- 
ator, and the signal source. Jitter on 
any of these increases noise in the 
digitized output of the ADC more at 
higher input frequencies. That’s be- 
cause the input signal varies more be- 
tween samples, and jitter is an uncer- 
tainty as to the precise time interval 
between samples. 
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8. REAL-WORLD LIMITATIONS can be detected in this FFT plot of a 1.3013-MHz 


input sampled at 102.4 kHz. It’s hard to tell whether the original input consisted of a single 11.7-kHz 
tone near full scale plus additional tones roughly 70 dB below full scale, or whether a 1.3013-MHz 
input tone was being distorted by the sampling mechanism. 
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In all of the testing discussed to this 
point, two ADS7819s were used to im- 
plement the dual-rate system. How- 
ever, there’s nothing inherent in this 
approach that requires that the two 
ADCs need to have similar perform- 
ance or even the same resolution. The 
second ADC doesn’t add to the accu- 
racy of the system. It’s merely used, in 
combination with the first ADC, to de- 
termine how much, if any, aliasing oc- 
curred on the actual analog input fun- 
damental. For example, a 16-bit ADC 
could be employed as the primary con- 
verter, and an 8- or 12-bit ADC as the 
secondary, to optimize system com- 
plexity and cost. The main trade-off 
from using a lower-resolution secon- 
dary ADC is that it will limit the dy- 
namic range of the complete system. 


DATA COLLECTION 

Furthermore, the two ADCs 
needn’t collect an equal number of 
data points. One could collect as large 
a number of data points as is practical 
with the primary ADC, while the sec- 
ondary ADC would only need to take 
as many samples as are required to 
achieve the bandwidth resolution 
needed. In other words, if the signals 
to be identified accurately aren’t close 
to each other, then the secondary 
ADC can capture a very limited num- 
ber of samples. The number of data 
points collected from each of the 
ADCs can be traded off to maximize 
performance from a given set of digi- 
tal hardware and software, or to re- 
duce the amount of hardware and soft- 
ware required. 

One additional alternative arises if 
the input signal is continuous: the dual- 
rate technique could be implemented 
using a single ADC. One set of data 
could be collected at the first sample 
rate, and a second set of data could then 
be collected at a different sampling rate, 
again allowing trade-offs between sys- 
tem complexity and cost. 

The limitations previously dis- 
cussed on the dual-rate technique 
that’s related to: 


fs2 = fst 


- (10) 


also suggest a way to modify a real 
system to make it more useful: De- 
signing a system with either a single 
ADC or dual ADCs, but providing the 
ability to select from more than two 
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9, THE SAME LIMITATIONS as illustrated in Figure 8 are present when the 
1.3018-MHz input is sampled at 101 kHz. The lower peaks in the FFT, located in the harmonic bins 
associated with a 1301.1-kHz input, are consistent with the expected distortion described in the 
ADS7819 data sheet for very-high input frequencies. 


sampling frequencies, could increase 
the usefulness of the technique. When 
one of the potential problem frequen- 
cies shows up in any pair of data sets, 
assuming the input signal is continu- 
ous, then one of the alternate sam- 
pling frequencies could be used to re- 
move the ambiguity. 

Undersampling, like any other con- 
cept, carries with it certain limitations 
that need to be understood in order to 
use it successfully (see “How to deter- 
mine the proper undersampling 
rate,” p. 77). One simple limitation for 
this approach is obvious: the signal 
that’s being digitized must be reason- 
ably continuous and repetitive. Un- 
dersampling simply won’t work if the 
signal of interest is a fast pulse, for 
example. This means that for under- 
sampling to be useful, the signal of 
interest needs to extend over a rea- 
sonably long sampling time. 

In the previous example of a 50-kHz 
bandwidth of interest centered on a 
4.975-MHz carrier, it was pointed out 
that a 100-kHz sample rate can pro- 
vide the same accuracy as a 10-MHz 
sampling rate. However, to perform a 
1024-point FFT at a 10-MHz sample 
rate, all of the data is captured in 102.4 
us, while at 100-kHz sample rate it 
takes 10.24 ms. In some applications, 
particularly where data needs to be 
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collected as quickly as possible after 
some triggering event, this delay will 
be unacceptable because the signal to 
be digitized will be attenuated. 

In such a dual-rate sampling sys- 
tem, which uses two ADCs with dif- 
ferent conversion rates, another limi- 
tation needs to be considered. In this 
approach, the digital-processing sec- 
tion needs to perform two complete 
FFTs, and then compare the results 
using additional processing steps. 
While memory sizes and digital-proc- 
essing performance continue to in- 
crease rapidly, and prices continue to 
decline, the extra software and digital 
processing required to implement the 
two-ADC approach needs to be com- 
pared with extra costs and develop- 
ment time needed to solve the same 
problem with a faster ADC. 0 


George Hill, a development man- 
ager in Burr-Brown’s Data Div., holds 
a BSin physics and an MS in political 
science from Washington University, 
St. Louis, Mo. 
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ndustry experts predict that a “wireless decade” 

is coming in which scores of mainstream digital 

products will turn to RF for data communication. 

Many engineers already are taking steps in that 

direction by applying digital signal processing 

(DSP) microprocessors to baseband signals. The 
next step is to move up the frequency spectrum while 
staying in the digital domain. RF DSP can reduce system 
noise and increase dynamic range, as well as simplify 
baseband DSP requirements. 

However, the move to RF DSP is a challenging one. RF 
DSP is new territory not only to engineers used to design- 
ing all-digital products, but also to many RF engineers. 
The technology has only recently emerged from special- 
ized systems into a broader commercial arena, introducing 
new definitions and new ways of looking at old system-de- 
sign concepts. 

DSP techniques hold many advantages over traditional 
analog signal processing. Some of these are found in the 
area of digital filtering. While engineers may be familiar 
with baseband digital signal processing using software- 
based DSP microprocessors, the architectures of digital 
signal microprocessors are usually optimized to perform 
sum-of-products calculations. They aren’t optimized for 
any specific DSP functions. Maximizing a digital filter’s 
performance requires hardware specifically designed for 
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the intended filter function 
at the desired sampling fre- 
quencies. 

Although an analog filter 
is inherently more size- and 
power-efficient, it’s far more 
component sensitive than its 
digital counterpart. Digital 
filters are preferred over 
analog filters if system re- 
quirements call for linear- 
phase response or an ability 
to manipulate phase, very 
high stopband attenuation, 
very low passband ripple, 
very low shape factors (the 
ratio of the filter’s passband 
width plus the filter’s transi- 
tion bandwidth to the filter’s 
passband width), or pro- 
grammable or adaptive response. 

One of the largest emerging appli- 
cation areas for digital intermediate- 
frequency (IF) processing is wireless 
base stations. Most wireless digital- 
filter applications in base stations are 
FIR decimation filters in the receive 
section and FIR interpolation filters 
in the transmit section. When a digital 
filter reduces the bandwidth of a sig- 
nal of interest (meaning the filter out- 
put would be oversampled if the input 
sample rate were preserved), it’s com- 
putationally efficient to reduce the 
output sample rate. Decimation is the 
process of filtering and reducing the 
output sampling rate by taking every 
Mth sample. The computational effi- 
ciency arises because it’s no longer 
necessary to compute outputs for dis- 
carded samples. Thus, there’s a one- 
to-one correspondence between deci- 
mation rate and gain in computational 
efficiency. 

Interpolation means increasing the 
sampling rate. It’s most often used 
when a narrowband signal is com- 
bined with a signal that requires a 
higher sampling rate. Conceptually, 
the first step in interpolation is to stuff 
L-1 zero-valued samples between 
each valid input sample to expand the 
sampling rate by a factor of L. In the 
frequency domain, this causes the 
original signal spectrum to be re- 
peated L-1 times. To perform the ac- 
tual interpolation, the zero-valued in- 
put samples must be converted to ap- 
proximations of signal samples. This is 
equivalent to preserving the original 
signal spectrum. Effectively, the zero- 
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2. WIDEBAND digital downconversion can be done by the Harris 
HSP50016 DDC, a monolithic device that’s the digital equivalent of a 
voltage- controlled oscillator, quadrature mixer, and quadrature filter 
network. It incorporates a numerically-controlled oscillator-mixer and 
two decimating filters with in-phase (1) and quadrature (Q) outputs. A 
DDC clock rate of 75 MHz supports the wideband spectrum. 


stuffed input stream is filtered by a 
low-pass filter with a passband at the 
original spectrum location, which fil- 
ters out all of the repeated spectra. 

Improved computational efficiency 
is possible in FIR filters used for in- 
terpolation because only every Lth 
data value is non-zero and requires an 
actual multiply-add operation. Again, 
there’s a one-to-one correspondence 
between interpolation rate and gain in 
computational efficiency. This effi- 
cient interpolation structure is called 
polyphase. 

Equalization is another important 
application of high-throughput digital 
filters in wireless applications. If a 
channel’s characteristics can change 
as a function of time, the equalization 
filter’s coefficients must be computed 
in real time to adapt to the channel. 
Equalization uses a filter with either 
fixed or time-varying (adaptive 
equalization) coefficients to reverse 
the intersymbol interference effect of 
the communications medium on the 
signal. Intersymbol interference is 
usually induced by either multipath 
effects or channel bandwidth com- 
pression. 


WIRELESS BASE STATION 


It makes sense to begin examining 
digital design in wireless base stations 
with the receiver function. Transmit- 
ters will be discussed later. 

Digital IF applications in wireless 
base-station receivers can be broken 
into two general categories: wideband 
and narrowband. Wideband receivers 
first digitize multiple channels at an 
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IF and then digitally sepa- 
rate each baseband channel. 
They are used in applications 
such as those that employ the 
U.S. AMPS standard. AMPS’ 
dynamic range requirements 
are within the capabilities of 
cost-effective wideband ana- 
log-to-digital converters 
(ADCs) for example, 14 bits 
of resolution at 10 Msam- 
ples/s. 

In contrast, narrowband 
digital IF receivers, which 
employ conventional analog 
tuning prior to any DSP, are 
used in applications that em- 
ploy the European GSM 
standard, in which the sys- 
tem’s dynamic-range_ re- 
quirements only can be met by nar- 
rowband processing, but where the 
processing and manufacturing advan- 
tages of digital signal processing are 
still desirable. 

Consider a wideband wireless base- 
station receiver in which N separate 
channels are frequency-division mul- 
tiplexed in the RF spectrum (Fg. 1). 
Each of the M signal-processing 
chains processes a segment of the RF 
spectrum that contains N/M channels. 
These segments are typically tuned to 
baseband using two IF stages. The 
bandpass filter in the second IF can be 
used as the antialiasing filter that pre- 
cedes the ADC. The ADC digitizes the 
baseband signal and passes it to N/M 
digital downconverters, each tuned to 
the center frequency of one of the 
channels. Each digital downconverter 
centers its channel at de, performs fi- 
nal shaping, decimates the sampling 
frequency to make it consistent with 
the output bandwidth, and outputs a 
quadrature data stream. The output 
of each digital downconverter is 
passed to a digital baseband process- 
ing unit, which demodulates, decodes, 
and routes the signal. Each baseband 
channel may have its own dedicated 
post-processing circuitry, or it may 
share resources among multiple chan- 
nels. 

A practical wideband receiver 
might simultaneously receive 60 chan- 
nels, each 30-kHz wide, with the chan- 
nel center frequencies separated by 
210 kHz. Further requirements could 
include an ADC with 80-dB single- 
tone spurious free dynamic range 
G N 
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(SFDR), and a demodulator with 20- 
dB signal-to-noise ratio (SNR) at its 
input. The weakest signal to be re- 
ceived might be 70 dB below full-scale 
through the ADC. 

Assume that a system trade study 
has dictated a system configuration 
with six parallel signal-processing 
chains (M = 6), each processing 10 
channels, and a 45-ksample/s quadra- 
ture-output baseband sampling fre- 
quency. 

Each analog-processing chain 
brings its band of interest to a 2.25- 
MHz center frequency. The baseband 
signal input to the ADCs extends 
from 1.29 to 3.31 MHz. To provide a 
reasonably flat amplitude and group- 
delay response in the band of interest 
while allowing for a reasonable shape 
factor and sampling rate, the 3-dB 
points chosen for the antialias filters 
in the analog IF stages are 0.97 MHz 
and 3.63 MHz. 

To preserve the required SFDR, 
the filter must provide 80 dB of at- 
tenuation at —1.09 MHz and 5.69 MHz 
(the digital sampled data folding fre- 
quencies are 0) Hz and f,/2). These pa- 
rameters provide a filter shape factor 
of approximately 2.5. The filtered sig- 
nal is sampled at a rate of 9 Msam- 
ples/s and distributed to 10 digital 
downconverters. 


For maximum end-to-end system 


performance, assume that the noise 
floor of the analog front end is at the 
same level as the noise floor of the 
ADC. A typical 14-bit ADC has 
greater than 80-dB SFDR (meeting 
the specified system requirements), 
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and approximately 72- to 74-dB SNR. 
Thus, the SNR into the digital down- 
converter is assumed to be 70 dB. 


DOWNCONVERSION 


A digital downconverter has a num- 
ber of advantages over an analog 
downconverter: arbitrarily precise 
tuning, arbitrarily large SFDR and 
SNR, linear-phase filter charac- 
teristics, sharp filter roll-off, small 
passband ripple, large stopband at- 
tenuation, no parameter drift with 
time or temperature, and ease of 
manufacturability (Fig. 2). The block 
diagram shown is similar to that of the 
Harris HSP50016 DDC.’ 

The downconverter first mixes the 
input signal by means of a quadrature 
local oscillator (LO) to center the 
channel of interest at de. In this exam- 
ple, the 10 downconverters per proc- 
essing chain would be set with LO 
frequencies separated by 210 kHz, be- 
ginning at 1.305 MHz. After mixing, 
the downconverter quadrature low- 
pass filters and decimates the de-cen- 
tered complex result. 

Conceptually, a quadrature filter is 
two identical real filters, one filtering 
the real data stream of a complex sig- 
nal and the other filtering the imagi- 
nary data stream. To clarify our termi- 
nology, a complex signal can have a 
two-sided spectrum (that is, two side- 
bands, as opposed to positive and 
negative frequency components), 
whereas a quadrature signal is always 
a complex signal with a one-sided 
spectrum. 

The desired quadrature output 
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3 .A WIRE LESS base-station receiver using narrowband digital IF processing employs N 
© separate information channels, which are frequency-division multiplexed in the RF spectrum. An 


_. analog processing chain and ADC are dedicated to each of the N channels. 








Heat sinks cool Multiwatt®ICs 


Low-cost heat sinks cool Multiwatt 
and similar ICs. Self-locking design 
cuts IC assembly costs, eliminates 
hardware. Unique design holds ICs 
securely for top thermal performance. 
Slim and light, they take minimum 
board space. Low/medium power. 
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Fan/heat sinks cool Pentium™ 


New fan/heat sinks cool the Pentium, 
Alpha, Intel 80486, Motorola 68040, 
etc. Bidirectional, its shrouded sides 
maximize cooling capacity. The low 
profile, as little as 0.650" high, saves 
valuable space. Three sizes mount 
on 17X17, 19X19, 21X21 PGAs. 
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Hot concept in cold plates 


New Hi-Contact™ liquid-cooled cold 
plates cool high power density elec- 
tronic devices. They remove over 
15% more heat, greatly reducing 
junction temperature. For cooling the 
most demanding high heat density 
IGBTs, other power modules. 
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sampling rate of 45 ksamples/s re- 
quires a decimation rate of 200. Be- 
cause of this relatively high decima- 
tion rate, the filtering is most effi- 
ciently performed in two stages. In 
these high decimation-rate cases, it’s 
common to use a multiplier-free high 
decimation filter as the first stage, and 
a traditional FIR as the second 
stage.) In this example, the high 
decimation filter decimates by a factor 
of 50. The FIR then performs final 
shaping on the band of interest, giving 
it a 30-kHz bandwidth, and decimates 
by a factor of 4. Both filters have lin- 
ear-phase characteristics. 

In general, the process of low-pass 
filtering has no effect on SFDR. The 
worst-case spur produced by the ana- 
log front-end or ADC may lie in one of 
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the channels of interest. Thus, the 
digital downconverter can’t guaran- 
tee an improvement in SFDR. SNR, 
however, is improved in the digital 
downconverter, assuming that it’s de- 
signed to have a noise floor below the 
input-noise floor. Given uniformly dis- 
tributed noise, SNR improves by 
three decibels every time the input 
bandwidth is reduced by a factor of 
two. In this example, the single-sided 
noise bandwidth of the input to the 
digital downconverter is 4.5 MHz, and 
the output noise bandwidth is 30 kHz. 
This results in approximately a 22-dB 
improvement in SNR. 

For a worst-case channel, where 
the signal of interest is down 70 dB 
from full-scale, the signal-to-wide- 
band-noise ratio is 0 dB. Because of 


DESIGNING DIGITAL FILTERS 


i npu res : 
With an FIR. the filter is excited 
with an impulse, and the output is 


the processing, the SNR out of the 
digital downconverter is 22 dB, 2 dB 
better than the specification required. 

As noted earlier, narrowband digi- 
tal IF processing is used in applica- 
tions such as the European GSM cel- 
lular telephony standard (Fig. 3). 
Narrowband is an analog/digital com- 
promise dictated by the near-far prob- 
lem and the limitations of today’s ADC 
technology. The classic example of the 
near-far problem is the case in which 
one mobile unit is located close to the 
base station while another resides at 
the edge of the cell, causing a large 
difference in received power at the 
base station. To deal with this, GSM 
requires a large wideband dynamic 
range, on the order of 110 dB. Within 
any one channel however, the dynamic | 






An FIR filter is alv 
nally, FIR filters allow evelopment 





present for a finite number of com- 
putational cycles (N, the length of 
the filter). An FIR filter has no feed- 
back coefficients, only feedforward 
coefficients. 

An IIR filter, on the other hand, 
has one or more non-zero feedback 
coefficients. The feedback term(s) 
mean there’s always an output once 
the filter is excited. _ 

Because an IIR filter uses both a 
feedforward polynomial (zeros as 
the roots) and a feedback polyno- 
mial (poles as the roots), it has a 
sharper transition characteristic for 
any given filter order. Like an ana- 
log filter with poles, an IIR filter 
usually has nonlinear phase charac- 
teristics. Also, the feedback loop 
makes it difficult to use in adaptive 


digital filtering is essentially a 
mathematical process. Although the 
characteristics of an analog filter are 
directly attributable to the physics 
of the device that implements it, the 
characteristics of a digital filter are 
only indirectly attributable to phys- 
ics. In other words, a digital filter’s 
passband ripple, shape factor, stop- 
band attenuation, and phase charac- 
teristics are all functions of the or- 
der and type of polynomial used to 
approximate the ideal impulse re- 
sponse, the number of bits used in 
performing the arithmetic, and the 
type of architecture used to imple- 
ment the arithmetic. 

Actual frequencies have no mean- 
ing in a digital filter except in their 
relation to the sampling frequency, 








tectures in decimation or interpola- 
tion applications. | 

Typically there are three stages to 
designing digital-filter responses 
for passband filters. First, specify 
the ideal filter response. Next, de- 
sign a floating-point response. 
Lastly, quantize the floating-point 
coefficients to yield a fixed-point re- 
sponse. 

The specification for the ideal fil- 
ter includes the location of pass- 
bands and stopbands, minimum 
stopband attenuation, maximum 
passband ripple, filter order, and 
perhaps the shape of the response in 
some of the specified bands. The 
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range requirement is on the order of 
50 dB, well within the capabilities of 
current ADC technology. 

As shown in Figure 3, each of the 
N signal-processing chains typically 
has two analog IF stages. In this 
example, the first processing stage 
tunes one of N frequency-division 
multiplex channels in the cell to a 
fixed first IF. The second IF-proc- 
essing stage translates the channel 
of interest to a fixed second IF. The 
bandpass filtering in the analog IF- 
processing stages acts as the antiali- 
asing filter for the ADC. 

The actual location of the second IF 
is a trade-off between the bandpass 
filters, the desired processing gain 
that occurs in the digital downconver- 
sion, and the performance charac- 


aber of coefficient bits can be 
increased, the filter response can 
be redefined, and the second step 
of the process repeated; the filter 
arithmetic can be redesigned; or a 
combination of these procedures 
ean be performed. When filter 
hardware is at a premium, sophis- 
ticated simulated-annealing tech- 
niques help find the best set of fil- 
ter coefficients, given a fixed filter 
order and coefficient width. 

Coefficients for adaptive filter 
responses are computed using spe- 
cial algorithms that constantly re- 
calculate coefficient values based 
on the error characteristics of re- 
ceived data. While the coefficient 
calculation method for an adaptive 
filter is different than those de- 
scribed above for a passband filter, 
the actual filter structures are the 
same, except that coefficients must 
be changed in real time. 
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teristics of the ADC. If the IF is at 
baseband, a low-speed ADC could be 
used, but the bandpass filter might be 
costly because of the low frequencies 
involved. Ifa higher IF were used, the 
cost of the bandpass antialiasing filter 
could be reduced. Also, the digital fil- 
ter would reject more of the input- 
noise bandwidth, thus increasing 
processing gain. With the higher IF, 
however, the ADC must be able to 
digitize the higher-frequency signal. 
Even if subsampling were used, the 
dynamic performance of the front-end 
of the ADC would have to be consis- 
tent with the higher second IF. 

The sampling frequency of the ADC 
must be an integer multiple of the 
required baseband sampling rate. For 
GSM, this is 270.833 quadrature 
ksample/s. 

To illustrate the subsampling tech- 
nique, choose the frequency of the sec- 
ond IF to be 6.5 MHz and the ADC 
sampling frequency to be 8.666 Msam- 
ples/s. The GSM double-sided pass- 
band is approximately 180 kHz, so the 
bandpass filter must have _linear- 
phase characteristics in that region. 
Also, the antialiasing filter must have 
roll-off characteristics that preclude 
unwanted aliasing. Subsampling, of 
course, is the desired aliasing. 

After being digitized by the ADC, 
the IF is spectrally reversed and cen- 
tered at 2.166 MHz (f,/4, or one-quar- 
ter of the sampling frequency). This 
trivializes the design of the LO and 
mixer in the low-decimation downcon- 
verter. Therefore, in this case, the de- 
vice performing that function need 
only be aslightly modified quadrature 
low-decimation filter. The digital 
downconverter in Figure 3 is labeled 
a low-decimation downconverter to 
highlight its architectural difference 
from the high-decimation digital 
downconverter used in wideband ap- 
plications. 

The LO generates a quadrature 
sinusoid at a frequency of +f,/4. The 
plus sign induces another spectral re- 
versal (the lower sideband of the real 
input is centered at dc) to spectrally 
normalize the de-centered signal. The 
in-phase part of the LO is 1, 0, -1, 0,. 
.. and the quadrature-phase part of 
the LO is 0,1, 0,-1,... 

In addition to requiring only a triv- 
ial LO, the low-decimation filter per- 
forms a quadrature low-pass filtering 
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High fin density: peak cooling 


New aluminum heat sink extrusions 
with high fin density offer maximum 
cooling in minimum space. Maximum 
industry fin-height-to-fin-spacing ratio 
used to be 6:1. New technology from 
Aavid extends it to 8:1, 10:1 and up. 
Ask our engineers for design help. 
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Plug-in heat sinks cool TO-220s 


Compact heat sinks for TO-220s plug 
in quickly. Cut labor costs by eliminat- 
ing nuts and bolts. Fins form spring 
action clips that hold semiconductors 
securely for superior thermal perfor- 
mance. Small footprint (as little as 1/2" 
Sq) saves valuable space. 
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Bonded fins: 2-3X more cooling 


Bonded fin heat sinks offer up to 3X 
the cooling of equal sized extrusions 
due to more surface area/inch®. Exist- 
ing widths of 1.25 to 17-in. are ideal 
for high current IGBTs, other power 
semis. No tooling costs on existing 
sizes. Prototype in days, not weeks. 
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14, THE SINGLE-IF narrowband receiver is a derivative of the architecture shown in 
" Figure 3. In this case, however, a high degree of subsampling brings the channel of interest from the 
first IF to baseband. This configuration trades a second analog IF-processing stage for a high-speed 


2 sample-and-hold (or track-and-hold) in front of the ADC. 


operation and decimates the I and Q 
components of the quadrature result 
by a factor of 32. This produces the 
desired output sampling rate. 

A decimation rate of 32 is too low to 
justify the use of a high-decimation 
filter architecture like the one used in 
the wideband approach. Instead, one 
of many classic multistage FIR struc- 
tures’ can be used to provide final 
shaping to the GSM specification and 
decimation. 

The single-sided noise bandwidth 
into the low-decimation filter is 4.333 
MHz, and the output noise bandwidth 
is 180 kHz. This results ina 
processing gain of approxi- 
mately 14 dB. As in the 
wideband design, the resul- 
tant quadrature data is 
passed to digital baseband- 
processing circuitry for fi- 
nal processing. 


ONE IF STAGE 


A digital, narrowband, 
wireless receiver also can 
be made with just a single 
analog IF processing stage 
(Fig. 4). The first IF proc- 
essing stage tunes a fre- 
quency-division multi- 
plexed channel of interest 
to a fixed IF. The IF is se- 
lected on the basis of the 
ADC sampling frequency 
and the characteristics of 
the bandpass antialiasing 
filter in the IF processing 
stage. A high-speed sam- 
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baseband data 


Channel 1 
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Channel 2 
baseband data 


Channel N-1 
baseband data 





ple-and-hold then captures samples of 
the IF signal at a subsampling rate. 
As an example, consider a sampling 
frequency of 4.833 Msamples/s and a 
first IF of 70.4 MHz. The passband of 
interest extends from 70.31 MHz to 
70.49 MHz. The Nyquist folding fre- 
quencies for the antialias bandpass fil- 
ter are 69.333 MHz and 71.5 MHz. The 
antialias bandpass filter must have 
linear phase and flat amplitude char- 
acteristics in the area of the passband 
of interest and must roll off the de- 
sired attenuation (on the order of 100 
dB) by the time the filter folds back 
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4 
INA DISTRIBUTED digital multichannel transmitter, the 


st major function is encoding and modulating the baseband data of 
ach channel. The modulation is performed at a sampling rate consistent 
ith the baseband data rate. 
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into the passband of interest. This oc- 
curs at 68.3856 MHz and 72.51 MHz. 

Designing the sample-and-hold is 
challenging because the circuit must 
provide an aperture time and aper- 
ture jitter that yields the desired 
SFDR at the IF while affording a hold 
time consistent with the ADC sam- 
pling frequency. In this example, the 
required aperture time is on the order 
of 1 ps while the hold time is on the 
order of 200 ns. 

After being subsampled by the 
ADG, the IF center frequency is con- 
structively aliased to 1.067 MHz with 
a normal (not reversed) spectral 
sense. Because this center frequency 
isn’t exactly the f,/4 frequency of 1.083 
MHz, the LO and mixing operation in 
the quadrature low decimation down- 
converter must be performed by a 
true LO and mixer. If an IF of 70.416 
MHz were chosen, the trivial f,/4 LO 
and mixer could be used. The sampled 
data is dc-centered by the quadrature 
mixing process and passed to quadra- 
ture low-pass filters for final shaping 
and decimation by 16. 

In this example, the single-sided 
noise bandwidth into the low-decima- 
tion filter circuit is 2.166 MHz. The 
output noise bandwidth is again 180 
kHz. This results in approximately an 
11-dB processing gain. 

On the transmit side of a wireless 
base station, multiple baseband sig- 
nals are upconverted to differ- 
ent RF carrier frequencies 
and transmitted. Due to the 
engineering economics of the 
system, this is typically accom- 
plished by first converting the 
baseband signals to IF fre- 
quencies, where the IF's are 
separated in frequency by the 
final desired frequency sepa- 
ration, and combining the indi- 
vidual IF signals into a com- 
posite IF signal. 

The baseband data is inher- 
ently digital. If the entire up- 
conversion and combining 
process is to be performed us- 
ing analog circuit techniques, 
the baseband data first must 
be converted to analog format. 
Modulating the binary data is 
most likely accomplished in 
some form of digital baseband 
processor. The modulation is 
performed at a sampling rate 
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Without writing a single line of C 
or Fortran, you can easily 
explore, create, and apply the 
innovative signal processing tools 
that let you keep up with—and 


advance—the leading edge. 


Rapid algorithm development 
You create DSP algorithms in 
MATLAB just as you would write 
them mathematically. Asa 
result, you can rapidly validate 
your designs long before you 


commit to a full implementation. 


Your work always draws upon 


world-class tools, whether you 
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Picture the Power 


Signal Processing Toolbox 

¢ Complete tools for filter design, 
analysis, and implementation 

¢ FFT, DCT, cepstrum, chirp-z, 
Hilbert, and other transforms 


¢ Spectrum estimation and 
statistical signal processing 


¢ Signal and linear system models 


¢ Specialized design tools for 
embedded real-time, multi-rate, 
and communications systems 


¢ Integrated with application 
toolboxes, including: 


- Image Processing 
- System Identification 


MATLAB simplifies analysis and algorithm 
development with integrated modeling, design and 
graphical tools. This spectrogram shows how a 


rely on classical methods or invent 


speech signal varies with time and frequency. state-of-the art technology. - Hi-Spec™ 
; - Neural Networks 
MATLAB brings a foundation of se ; ae ‘ 
- Optimization 
S Cd 3 eC over 500 math, scientific, and 

engineering functions to your The Ultimate Technical 

desktop. Each function is tuned Computing Environment™ 
MATLAB is an extensible, 


anguage of 
signa processing 


with MATLAB. 


pi MATLAB Signal Processing 
Toolbox is a powerful interactive 
environment for signal analysis, 

algorithm development, and DSP 
design. 


Least Squares Linear Phase FIR Filter 





Leading-edge filter design tools make it easy 
to design filters to fit any specification. 


123.00 


Because its matrix language is 
ideal for vector processing and 
data analysis, MATLAB helps you 
solve the widest range of signal 


processing problems. 


Signal processing power 

The Signal Processing Toolbox 
gives you an unrivaled ability to 
filter, model, and analyze signals 
and time-series data. Powerful 
functions let you perform FFTs, 
spectral estimation, and filter 
design in a single step, and 


display the results automatically. 


for maximum efficiency and 
numeric reliability. So you always 


get immediate, accurate results. 





Visualization of a 2-D FFT. Efficient FFT 
algorithms form the basis for powerful 
spectral analysis and estimation functions. 


Expand your DSP vocabulary 
With the high-level MATLAB 
language, it’s easy to modify the 
source code for any toolbox 
function, and add your own. Or 
combine signal processing with 
other toolboxes to design custom 


solutions to complex problems. 


Powerful GUI tools let you build 
intuitive applications that look 
like pre-packaged software, but 
address your specific design and 


analysis needs. 
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interactive Technical Computing 
Environment that seamlessly 
integrates computation, 
visualization, and modeling, on 
PCs, workstations, and 
supercomputers. You will find it 
wherever people speak the 


language of signal processing. 


For a free technical brief that will 
show you the signal processing 
power of MATLAB, call us today. 


508-653-1415 
The 


MATH 
WORKS 
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24 Prime Park Way/ Natick, MA 01760 
Tel: 508/653-1415 Fax: 508/653-6284 
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BEND OVER BACKWARDS 
for you, and that's what you 
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in full service 
custom manufacturing. 
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consistent with the baseband data 
rate. The digital baseband-modulated 
sampled data stream is then con- 
verted to analog format using a digi- 
tal-to-analog converter (DAC). 

The baseband analog signals are up- 
converted to an IF and the individual 
IF signals are added. The composite 
IF is upconverted to the desired RF 
frequency and transmitted. This re- 
quires multiple DACs, smoothing fil- 
ters, and upconverters, and a large 
analog summing tree. 

While variations on this configura- 
tion may reduce the number of analog 
signals (by combining multiple digital 
modulated channels in the baseband 
processor, for example), multiple ana- 
log-processing chains are very diffi- 
cult and costly to implement, given 
the severe performance specifications 
of a cellular base station. Spurious sig- 
nals arise in the digital-to-analog con- 
version process and at each analog- 
signal-processing step. Costly compo- 
nents, design techniques, and manu- 
facturing methods are needed to pro- 
vide the required performance. 


DSP TECHNIQUES 


DSP techniques can circumvent a 
number of the problems associated 
with the analog-signal-processing im- 
plementation (Fig. 5). Modulation 
takes place at a smapling rate consis- 
tent with the data rate. Once the data 
is in a modulated form, the sampling 
rate must be raised to a rate that al- 
lows it to be upconverted and com- 
bined in a frequency-division multi- 
plex sense to form a composite IF sig- 
nal. Each interpolated baseband chan- 
nel is then upconverted to a different 
IF separated by the desired RF fre- 
quency-division multiplex spacing. 
There are many actual implementa- 
tions with which it’s possible to per- 
form these processes. For example, 
modulation and interpolation can be 
combined into a single filtering step. 
This would be followed by an upcon- 
verter and summation tree. 

Other possible implementations 
would begin with a baseband process 
that generates a quadrature-modu- 
lated signal. The quadrature base- 
band signal would then be passed 
through a quadrature FIR shaping fil- 
ter, followed by a multiplier-free quad- 
rature high-interpolation filter. The 
resulting interpolated signal would 
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then be upconverted by a quadrature 
LO, and the real part of the result 
taken (this is basically the transposi- 
tion of the operation performed by the 
Harris HSP50016). The real result 
would then be passed to a summation 
tree to form a composite IF’ signal. 
The baseband quadrature- modulated 
signal also could be passed to a 
polyphase generalized __ discrete- 
Fourier-transform filter bank struc- 
ture. This structure would perform 
the interpolation, upconversion, and 
summation process. 

After the composite IF signal is 
formed, it’s passed to an FIR compen- 
sation filter, where the passband is 
shaped with an (X/Sin X) frequency re- 
sponse to compensate for the (Sin X/X) 
response of the DAC that follows the 
filter. The digital compensation filter 
eases the requirement for the analog 
smoothing filter. The DAC’s output is 
passed to the analog upconvert and 
transmit circuitry, which converts the 
composite IF signal to the desired 
transmit frequency and supplies the re- 
quired transmit power. LI 
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™ cr@y LEMP CONTRO 
59 () NTROLLER 


SWITCHES TRIAC 


JOE BUXTON and DEREK BOWERS 
Analog Devices Inc., Precision Monolithics Div., 1500 Space Park Dr., 
Santa Clara, CA 95052. 


he simple circuit shown can 
turn a heating element on 
and off when the tempera- 
ture of the system it’s imple- 
mented in crosses a user set limit (see 
the figure). However, the circuit cer- 
tainly isn’t limited to the switching of 
a heating element—just about any 
arbitrary device can be substituted 
as the controlled element. 

In the setup, the heating element 
is connected directly across the ac 
power line, and a triac is used as the 
main switch. A triac is ideal because 
it can handle bidirectional current at 
reasonably high levels (up to approx- 





Temperature 
sensor and 
voltage 
reference 


comparator 


ifs 


generator 
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imately 40 A), and needs only a low- 
energy signal applied to its gate ter- 
minal to turn it on. The signal is sup- 
plied by an optically isolated triac 
driver, the MOC3012. 

The actual temperature sensor/ 
controller (the TMP-01) is a monolith- 
ic device whose low power allows it 
to operate with a simple half-wave 
rectified power supply directly from 
the ac line. Such an arrangement 
greatly simplifies the power-supply 
design requirement to the point of 
only needing a few low-cost compo- 
nents to provide a single +6-V de 


supply. 
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In fact, this supply design is useful 
for many low-power, single-supply 
circuits other than the TMP-01. 

The TMP-01 is essentially a “‘ther- 
mostat ona chip.” It includes a linear 
temperature sensor (5 mV/K), and 
also has two comparators that 
switch at externally determined set 
points. These set points are estab- 
lished by resistively dividing the in- 
ternal 2.5-V reference to set appro- 
priate voltages on the inputs to the 
comparators. 

One comparator is employed in 
this circuit to turn on the heating ele- 
ment when the temperature drops 
below 30°C. With a temperature con- 
stant of 5mV/K, 30°C corresponds to 
a voltage of 1.52 V on the compara- 
tor’s input. 

This temperature was arbitrarily 
chosen for the purpose of testing this 
circuit and could certainly be adjust- 
ed to any value within the tempera- 
ture range of the part. Furthermore, 

the second compara- 

AC_ | tor could just as easi- 

ly have been config- 

ured to turn on a cool- 

ing system as the 

temperature rose 

above a certain set 
point. 

When the tempera- 
ture is below 30°C, 
the comparator is 
‘fon,’ pulling the 
open collector output 
low. This turns on the 


Heating 
element 


2N6073B 


LED within the 
MOC3012, energiz- 
ing the triac. 


Above 30°C, the 
open collector is 
high, and the LED 
and triac are off. The 
MOC3012 was cho- 
sen because it re- 
quires only 5 mA to 
energize its LED, 


WHEN THE 


temperature of a 
System crosses a 
user-set limit, this 
circuit can turn a 
heating element on 
or off. The element is 
connected directly 
across an ac power 
line. 


DESIG NE] 





and a lower current is preferable 
since it reduces the demands put on 
the power supply. 

To provide a de power supply to the 
TMP-01, the ac power is half-wave 
rectified by the two diodes, D1 and 
D2, and the 10-kO resistor R,. On the 
positive cycle of the 60-Hz line volt- 
age, D2 clamps the voltage across 
the TMP-01 to 6.8 V minus the diode 
drop of D1, or about 6.1 V total. Con- 
currently, capacitor C, maintains the 
6.1 V across the TMP-01. D1 also pre- 
vents the reverse voltage from ener- 
gizing the TMP-01’s internal sub- 
strate junctions, which could dam- 
age the device. 

The de voltage that is held on ca- 
pacitor C, will droop due to the cur- 
rent drain of the TMP-01 and the tri- 
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ac controller. However, this drain is 
small enough to keep the ripple on 
the de power line to a value of less 
than 400 mV p-p. 

When the LED within the 
MOC3012 is turned off, the current 
demand is much less and the supply 
ripple drops to 40 mV p-p. In either 
case, the supply ripple is at a low 
enough frequency (60 Hz) to be al- 
most entirely rejected by the TMP- 
01’s PSRR of 65 dB. Looking at the 
reference output of the TMP-01, the 
ripple is undetectable on an oscillo- 
scope. 

This technique for generating a 
simple supply is useful not only for 
this type of circuit, but for many oth- 
ers that require a single, low-power 
supply. 


™ cee GENERATE STEPPER- 
2.1 Motor Purses 


M.S. NAGARAJ 
I.S.R.O. Satellite Centre, Digital Systems Div., Airport Rd., 
Vimanapura P.O., Bangalore 580 017, India. 


hen a stepper motor is 
controlled manually to 
move its load over a 
large distance, the mo- 
tor drive circuit must be supplied 
with a continuous clock to move the 
load quickly to its approximate posi- 
tion. In addition, it must be provided 
with single-shot pulses for placing 
the load in the exact position. 

The simple circuit depicted in the 
figure fills those needs. The circuit, 
built around a CMOS phase-locked 
loop IC, CD 4046B, enables a push- 
button switch to generate not only 
the switch-debounced one-shot 
pulses, but also the continuous clock. 

When the switch is in its normally- 
closed (NC) position, capacitors C, 
and C, are held discharged by diodes 
D1 and D2. Switching off transistor 
Q1 inhibits the voltage-controlled os- 
cillator of the PLL. The two inputs 
and, hence, the output of the EX-OR 
gate (phase comparator 1) of the 
PLL remain at the logic 0 level. 

When the push-button is pressed, 
C, and C, are allowed to charge via 
resistors R, and R,. The VCO is en- 
abled only after a time delay (~ 0.5 








seconds) set by R,, R3, and C,. Dur- 
ing this delay period, the EX-OR 
gate output follows the logic level at 
the switch output. As a result, one- 
shot pulses can be generated by 
pressing the push-button and then 
releasing it within 0.5 seconds. R; 
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provides the switch-debouncing 
function. 

If the push-button is pressed for 
more than 0.5 seconds, the VCO is en- 
abled. The rising voltage at the con- 
trol input (pin 9) causes a linear in- 
crease in VCO frequency and thus 
accelerates the stepper motor. Re- 
leasing the push-button discharges 
C, and C, and inhibits the VCO. 

Components R, and C; can be se- 
lected so that when the voltage at the 
control input of the VCO reaches sat- 
uration, the VCO oscillates at a fre- 
quency equal to the motor’s maxi- 
mum stepping rate.0 





SWITCH-DEBOUNCED ONE-SHOT PULSES can be generated for a stepper 


motor using this circuit. It also produces a continuous clock. 
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™ cy cp ADD ERROR CHECK TO 
5 2 2 MASTER-SLAVE DEVICE 


M. RAILESHA 
World Friends, Design Group, Kalpakkam 603102, Tamilnadu, India; phone: 0091- 
4117-508. 


alf-duplex communication, 
which requires only two 
electrical conductors, was 
popular in devices such as 
teletypewriters, running at 10 char- 
acters/s. Even today, designers pre- 
fer master-slave communications 
based on a 0-to-20-mA current loop in 
half-duplex mode (but at much faster 
speeds than the teletypewreiters). 

An error-check mechanism intro- 
duced into master and slave commu- 
nication devices can be easily moni- 
tored by the data-transmitting de- 
vice (see the figure). Errors general- 
ly occur when both the master and 
slave start sending data simulta- 
neously over the line. The error flag 
goes high and indicates a mismatch 
in the data. 

The master is the one that can in- 
terrupt the communication from a 
device at the other end and force it to 
listen. It does this by forcing a low 
voltage level over the communica- 
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tion line by raising the Control line to 
a high level. This inhibits data flow 
over the lines from the slave and 
causes an error flag in the slave de- 
vice. As a result, the slave turns into 
a listen mode (not a hardware fea- 
ture, but rather incorporated in the 
software). The slave device can 











transmit the data after communica- 
tion from the master device ceases. 

The error flag and received data 
are on the same line. In the listen 
mode, the Control pin in the master 
or the TXD (Transmit data) pin in the 
slave must be held low. Otherwise, 
the device at the other end can’t 
transmit data over the loop lines. 

A 38.8-k variable resistor (Rj) is in- 
corporated in the current control 
path of the loop. This can be used to 
set the maximum loop current any- 
where between 4 and 20 mA. R, is 
used for circuit safety and will pre- 
vent the loop current from going 
higher than 20 mA.U 


AN error-check mechanism introduced into master and slave communication devices can 
indicate mismatches when both the master and slave start sending data simultaneously. 


IFD 921 
27x16 


 c) 6p LOW-OUTPUT- 
D 2 5 IMPEDANCE MUX 


RONALD MANCINI 
Harris Semiconductor, P.O. Box 888, Melbourne, FL 32902; (407) 729-5171. 


wo common problems will 
surface when trying to mul- 
tiplex multiple high-speed 
signals into a low-impedance 
source, such as an analog-to-digital 
converter. The first is the low source 
impedance, which tends to make am- 
plifiers oscillate and thus causes 
gain errors. The second problem in- 
volves the multiplexer, which sup- 
plies no gain, introduces distortion, 
and limits the frequency response. 
Using op amps that have an en- 
able/disable function, such as the 
HA5022, will eliminate the multi- 
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plexer problems. That’s because the 
external multiplexer chip isn’t need- 
ed, and the HA5022 can drive low-im- 
pedance (large capacitance) loads ifa 
Series isolation resistor is employed. 

Looking more closely at the cir- 
cuit, both inputs are terminated in 
their characteristic impedance; 75 2 
is typical for video applications (see 
the figure). Because the output ca- 
bles usually are terminated in their 
characteristic impedance, the gain is 
0.5. Consequently, amplifiers U2A 
and U2B are configured in a gain of 
+2 to set the circuit gain at 1. R, and 
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THIS LOW-OUTPUT IMPEDANCE MULTIPLEXER will solve problems 


of oscillation caused by low source impedance, as well as distortion and limited frequency 
response introduced by the multiplexer. The second problem is solved because the frequency 
and gain characteristics become those of the amplifier, independent of the multiplexer. 


R, determine the amplifier gain; if a 
different gain is desired, R, should 
be changed according to the equa- 
tion G = (1+ R,/R.,). Rg sets the am- 
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plifier’s frequency response, so it’s 
best to check the manufacturer’s 
data sheet before changing its value. 

R;, C,, and D1 make up an asym- 
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metrical charge/discharge time cir- 
cuit that configures U1 as a break- 
before-make switch to prevent both 
amplifiers from being active simul- 
taneously. If this design is extended 
to more channels, the drive logic 
must be designed to be break-before- 
make. Also, the inhibit input is only 
functional when the channel switch 
input is high. R, is enclosed in the 
feedback loop of the amplifier so that 
the large open-loop amplifier gain of 
U2 will present the load with a small 
closed-loop output impedance while 
keeping the amplifier stable for all 
values of load capacitance. 

The circuit shown was tested for 
the full range of capacitor values 
with no oscillations observed. Thus, 
the problem is solved. The circuit’s 
frequency and gain characteristics 
are now those of the amplifier inde- 
pendent of any multiplexing action. 
This essentially solves the second 
problem. The multiplexer transition 
time is approximately 15 ws with the 
component values shown.L] 


—Mister Thermistor™ 







\ Whether you're sensing temper- 
ature in air, liquid or on a 





z—» — surface, Fenwal Electronics 


has the right thermistor 
probe assembly to meet 
your specific requirements. 
Our NTC Thermistor Probe As- 
semblies are available for a wide 
range of applications. We offer 
many ‘‘off-the-shelf” standard 
probe assembly packages, as well 
as technical support for designs 
customized to your specs. 
Write or call for our free catalog. 
Fenwal Electronics Incorporated, 
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MARKET FACTS 


hanks to robust growth in computers and telecommunica- 
tions equipment, the worldwide market for uninterruptible 
power supplies (UPS) is expected to more than double 
between 1993 and 1999, increasing from $3.3 billion last 
year to $7.5 billion by 1999. That’s according to Frost & Sullivan Inc., 
Mountain View, Calif., market researchers. 

Innovations in power supplies include power conditioning, systems 
that can shut down unattended program operations in case of blackout, 
onscreen display of the time remaining for saving data, and switches 
to backup systems in less than 5 ms. Responding to demand from data 
processing and telecommunication industries, makers of UPS equip- 
ment are making the units more reliable and less noisy. 

Besides computers and telecom, UPSs are being pressed into ser- 
vice in medical applications, instrumentation, utilities, the petrochem- 
ical industry, and other heavy industries. Vendors are also looking to 
the worldwide market, in particular Eastern Europe. For their part, 
makers of power supplies in Taiwan and South Korea are producing 
units at highly competitive costs. Lack of an international standard 
increases manufacturing costs overall, however. 





he Datron Div. of Wavetek Corp., a supplier of calibration 
instruments, has received ISO 9000 certification. For in- 
formation, contact Patsy Campbell, Wavetek Corp., 9145 
Balboa Ave., San Diego, CA 92123; (619) 279-2200. BN 
CIRCLE 460 


BM s Microelectronics Div. has been awarded ISO 9001 for 
its East Fishkill-based ceramic packaging business, which 
develops, designs, and manufactures high-reliability in- 
terconnection solutions, from cost/performance products 
to high-performance products. For information, contact IBM Micro- 
electronics, Media Relations, 1580 Route 52, Internal Zip B, Hopewell 
Junction, NY 12533-6531; (914) 894-8055. BN CIRCLE 461 


eithley MetraByte one of the world’s largest suppliers of 
PC-based data acquisition hardware and software has 
received ISO 9001. For more information, contact Keith- 
ley MetraByte, 440 Myles Standish Blvd., Taunton, MA 
02780; (800) 348-0033; fax (508) 880-0179. BN CIRCLE 462 


harp Microelectronics Technology Inc., which develops 
and produces LCD technology products, camcorders, mi- 
crowave ovens, electronic organizers, copiers, facsimile 
machines, calculators, and electronic components, has 
received ISO 9002. Contact Sharp Electronics Corp., Microelectronics 
Group, 5700 N.W. Pacific Rim Blvd. No. 20, Camas, WA 98607; (206) 
834-2500; fax-8903. BN CIRCLE 463 
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FS Manufacturing, the only custom magnetics manufac- 
turer on the East Coast to receive ISO 9001, produces 
transformers and inductors. For further information, 
contact Janet Sylvester, president, GFS Manufacturing, 

Inc. 140 Crosby Rd., Dover, NH 03820-4371; (603) 742-4375. BN 
CIRCLE 464 


icron Semiconductor Inc., a subsidiary of Micron Tech- 
nology Inc., a manufacturer of DRAMs, fast SRAMs, 
and other semiconductor products, has been certified 
to ISO 9001. Contact Micron Semiconductor Inc., 2805 
East Columbia Road, Boise, Idaho 83706-9698; (208) 368-4000; fax - 
2536. BN CIRCLE 465 


hatham Components Inc. has received ISO 9001 for its 
nine different models of thermal cutoffs in both axial 
and radial configurations. For more information contact, 
Dick Perst, Chatham Components Inc, 33 River Rd., 
Chatham, NJ 07928; (201) 635-8075; fax -6345. BN CIRCLE 466 


arian Canada Microwave Products, a subsidiary of Var- 
ian Associates, Inc. a leading supplier of power supplies, 
klystrons, traveling wave tubes, and millimeter wave 
tubes for communications, radar, medical diagnostic, X- 
ray, and industrial markets, has been awarded ISO 9001. Contact 
Varian Associates, Inc., 3050 Hansen Way, Palo Alto, CA 94304-1000; 
(415) 424-3881. BN CIRCLE 467 
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free design estimator demo for 
users of PAL/TTL and EPLDs 
from Xilinx Inc. shows how the 
company s erasable programma- 
ble logic designs integrate multiple PALs, 
TTLs, or EPLDs while using less board space 
and consuming less power. It also acts as an 
interactive teaching tool for the software 
benefits of the company's EPLDs. The demo, 
which runs on PCs and compatibles, prompts 
users to enter new or existing design specifi- 
cations with the help of a ‘‘pop-up” menu that 
lists all PALs, TTLs, and competitive EPLDs. 
It then estimates the number and type of Xi- 
linx EPLDs needed to replace the PAL, TTL, 
or EPLD-based design. The user receives a 
faxable print-out with the optimal solution 
highlighted. The print-out can be faxed to Xi- 
linx. Contact Xilinx Inc. 2100 Logic Dr., San 
Jose, CA 95124; (408) 559-7778; fax -7114. 
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he fifth edition of the PC/104 Con- 
sortium’s Resource Guide is free 
to engineers developing embed- 
ded systems. The PC/104 stan- 
dard, the basis of a new IEEE draft standard 
(P996.1), defines a compact, self-stacking, 
modular form-factor for embedded IBM PC 
and PC AT-compatible system functions 
within embedded microcomputer applica- 
tions. The 140-page guide includes an over- 
view of the PC/104 standard, a cross-refer- 
ence of PC/104-related products and func- 
tions, and product listings from the consor- 
tium’s member companies. For the guide or 
for more information, contact the PC/104 Con- 
sortium, 809 B-175 Cuesta Dr., Mountain View, 
CA 94040; (415) 903-8304; fax (415) 967-0995. 
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cost-analysis disk is free from 
Creative Forming Inc.’s Electron- 
ic Packaging group. With the 
disk, designers can compare a 
company’s present packaging system against 
a system incorporating thermoformed pack- 
aging components. Included in the analysis 
are the labor, material, and freight savings 
that could be realized with a thermoformed 
packaging system. The user enters the data; 
then the program calculates and prints a side- 
by-side comparison of the potential total an- 
nual cost savings. Available on a 3.5-in. disk, 
the program runs on IBM PCs and compati- 
bles. For more information or the free disk, 
contact Creative Forming, P. 0. Box 128, Rip- 
on, WI 54971-0128; (414) 748-7285; fax -9466. 
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Perspectives on Time-to-Market 


BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
P. 0. Box 1070, 100 Prickly Pear Rd., Verdi, NV 89439; (702) 345-1455; fax (702) 345-0804 


ometimes | assume too much, but then a whack on the head 
wakes me up—thank goodness. The latest blow took place 
at the Custom Integrated Circuit Conference, CICC, held in San Diego. I partici- 
pated in a panel discussion formed to address reducing new product develop- 
ment cycle time. In preparation, our session s moderator hosted an introduction and discus- 
sion dinner. Here, I learned that some of you contemplate reducing your cycle time by a 
factor of 10. Whack! 

What does this mean? Some panel members thought it meant that you take the average of 
what you do now and divide it by ten to set the goal. Using this method, a current 18-month 
cycle time becomes 1.8 months. Another panel member viewed the 10-times reduction 
another way. To set the goal, count the number of products your organization introduced in 
the past five years. The goal for the next five years becomes ten times the number of 
products introduced in the previous period. 

Numerically, 10 products introduced in the past becomes 100 products in the future. An- 
other view suggests that maybe people may express the view of reducing cycle time, but 
they do not really mean it—after all, it is only a long-term goal that is not measurable in the 
short term. Is it possible that these, or a modification of these views are present in your 
organization? Do you have to deal with this issue? 

Varying interpretations of time interval measurement also presented themselves. One 
view suggested that the measurement of cycle time should not start until thorough simula- 
tions, or prototyping, of the intended salable product is completed. Or some suggested start- 
ing the measurement of the cycle time interval when their organization actually staffed the 
project. Others thought the starting point coincides with the first internal presentation of 
the product idea. 

Thoughts on the end point of the interval also varied. One group marked the end at the 
point of first customer shipment; others supported the measurement of interval completion 
when volume manufacturing materialized. Where do you stand? 

Along with reviewing the goal’s fuzziness, our small group questioned the reasonable- 
ness of the goal. What would new product development be like if you actually achieved it? 
Could an organization handle a full order of magnitude increase in product output? Could 
the customer? 

Views on this topic had a central theme. If products served an existing market, the 
customer controlled the rate of product introductions, not the product development organi- 
zation—if your customers now go as fast as they can, expect a revolt when rapidly dumping 
change upon them. 

On the other hand, your customers expect you to make improvements and welcome them 
when presented at a comfortable pace. So improved performance, assuming that the 10- 
times goal realization has little impact on existing markets, gives you the freedom to take 
your output windfall and apply it to the creation of new markets. Because you have all this 
speedy capacity, you bang out in new directions. The days of market sharpshooting becomea 
thing of the past—load those shotguns folks! 

I've raised some issues with this column. Discussions, recommendations, and possible 
solutions follow... 





Ron Kmetovicz’s The One-Minute Time to Market Self Assessment, which identi- 
fies five key behavioral patterns exhibited by fast-moving new product development 
organizations, 1s available free to the readers of Electronic Design by contacting 
Time to Market at the address above. 
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Pixel 
Perfect 


The Perfect Digital Picture Starts with 
a Perfect Pixel. Whether you're designing a 
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color scanner or digital copier, our revolutionary ™ 
MP8830 color imaging subsystem speeds up 
image capture and offers the highest 
resolution and integration 


available today. 
: Improve Your Image by Calling Micro 


Power Systems Today! As the leading supplier 

















solutions, call us today at 800-765-5350. 


Signal of data converters to the document imaging 
C Conditioning 3 
4 industry, we offer a broad line of products for signal 
0 conditioning and image digitization. For more 
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Conatining PROCESSOR information on the MP8830 or other MPS imaging 
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The MP8830 in a Typical Configuration 


Faster Display of a More Accurate Picture. 
The MP8830 dynamically corrects the non- 
uniform output from a CCD on a pixel-by-pixel 


basis. It provides a full 10-bit corrected signal 





which reduces the need for additional software 


computation. 


Reduce System Size, Power, and Cost. 


Because of its unique level of integration, a single 

MP8830 replaces from four to ten chips in a Micro Power Systems 
3100 Alfred Street, Santa Clara, CA 95054 

phone: (408) 727-5350 ® fax: (408) 562-3605 


e-mail: marcom@mpsi.com 
cost, and Saves valuable design time. MPS and Micro Power Systems are registered trademarks of Micro Power Systems, Inc. Copyright 1994 


typical three-channel CCD digitizer configuration. 
The MP8830 also uses less power, reduces system 
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Our new ML6509 doesn 
just terminate the SCSI 
It provides optimum V. 
_ termination character 

1 the lowest capa 





nn 


BY FRANK J. BURGE 
Director of Market Development for Electronic Design 








wenty years ago I quit doing 

business with my favorite hotel 

in Southern California because 

it had started to go downhill. 
Staying there just wasn't worth the hassle. 
Recently I was in the neighborhood and 
when I drove past the hotel, it looked as if 
had been spruced up—freshly painted with 
pretty flowers and shrubs planted out front. 
I decided to stop and go into the lobby, 
which had been tastefully renovated. There 
was a beautiful garden out back. This may 
explain why the sign out front now reads 
“Garden Hotel.” 

I figured that the next time I was in 
Southern California overnight I'd stay 
there, for old times’ sake. Three weeks ago I 
checked into the “Garden Hotel,’ figuring 
it would be pleasant to stay there. When I 
arrived at my room, it had an offensive odor 
so I asked for a different room. No problem, 
except as I would find out later, the air- 
conditioning system was on the fritz, so it 
was very warm in the room all night. 

The next morning | got up early to make 
some phone calls only to discover that the 
hotel’s long distance service was inopera- 
ble. When I called the front desk, it was 
suggested that I use the phones in the lobby. 
Having given up on the phone caper, I decid- 
ed to take a shower, which was like turning 
on a high pressure fire hose, without a way 
to adjust the nozzle. The accordion-like 
shower door wouldn't close so there was an 
inch of water on the floor when I got out. 
Then as I was dressing, the fire alarm went 
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off because of a malfunction. Nutso. 

I met two business associates for break- 
fast in the hotel coffee shop and it took 
about ten minutes to find the waiter. After 
he took our order, he went on vacation. One 
friend was on a tight schedule so he had to 
leave before his order was delivered, but he 
did manage to drink a half cup of cold cof- 
fee. Obviously, I will never do business with 
the Garden Hotel again. 

My hotel experience reminds me of what 
is happening in some companies today. The 
company loses market share, and the bottom 
line begins to give Wall Street the willies. 
So management decides to take action, 
spruce the place up, and reengineer the or- 
ganization. Consultants are brought in to 
apply a few coats of paint and plant a beau- 
tiful garden, creating all the appearances of 
a company on the move. Jobs are cut, and the 
bottom line recovers on the backs of thou- 
sands of employees who are tossed in the 
dumper. The garden is beginning to bloom 
and what a sight it is. But the Wall Street 
crowd remains skeptical. While the bottom 
line looks good, the top line remains flat, 
even sinks a bit. And before long, the com- 
pany hits the downsizing wall and begins to 
cut into its ability to compete. The top line 
spirals down, out of control. 

Of course, it takes more than a few coats 
of paint and a freshly planted garden to win 
customers. For starters, it means listening 
to the customer, understanding where the 
customer is today and where he is going 
tomorrow. And it means helping the cus- 
tomer not only understand where your com- 
pany is today but where it will be tomorrow. 
Sharing your technology roadmap with the 
customer is difficult for some. What if the 
competition finds out where you re going 
and beats you there? Chances are your com- 
petitors don’t care where youre going— 
they only care about what they have to do to 
align their offerings with the customer's 
present and future needs. Some companies 
still don’t get it—they don’t get the need to 
have open communications with customers. 
It takes more than a beautiful garden. 
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Bright, 
compact and reliable... 
Chip-In-Glass FIP modules 
from NEC. 
NEC S Fluorescent Indicator Panels (FIPs) incorporate NEC offers FIP modules in six types. All feature a 



















a light-emitting technology which gives them three 5 x 7-dot character format, 5V operation, 8-bit parallel 
key advantages over other displays. FIPs are brighter > 87>] and optional serial interface, 
 . (1, 000cd/m: 2) and easier to read from adverse an- re 1al6le cov ite] 8) (ome) Olalgenee)amacelag 
_ gplesc r extend a geaies: oe ii anle)as compact, aA O hed Gis (0 oA 0 hs 
oher For a display that makes 
your system shine, call — 
NEC today. 


oe : Character size . . 
Bivje=1 Character/line H x W (mm Dimensions (mm) 


FC16X2CA-AB _ 16 x 2 5.05 x 3.35 34 x 142 x 23 
FC20X1RA-AB 20x1 —560*32 _ 26 x 161 x 23 
SOKA AR = 8x1 0B 265%230«%23 
FC20X2JA-AB | 00>) 6x 3s5 BA 16123 
Ms CCl ti—“(‘(‘CO‘i“C( SS 6 25G OS 
Poses e288 80.5 x 256% 27 ~~ 

































DELICIOUS ATM, 
WITHOUT THE JITTERS 


WITHOUT THE CYPRESS 
SONET/SDH TRANSCEIVER 


Here’s a wake-up call for anyone designing-in 
ATM functionality: the CY7B951 SST™(SONET 
Serial Transceiver) clock recovery chip from 
Cypress. With its minis- 
cule jitter of just 10 ps, the 
SST is as close as you can 
get to Suaranteed flawless 
performance in your ATM 
environment. 

In fact, it is the only 
solution to support both major ATM application 





Industry’s Lowest Jitter 





WITH THE CYPRESS 
SONET/SDH TRANSCEIVER 


oscillator. The SST also performs wonders for 
board space by eliminating the need for external 
filter components. 

By using advanced BiCMOS technology, the 
SST consumes a miserly 50 mA, for power 
savings of up to 50% over competitive devices. 
And its loop-back testing capabilities enable 
in-system diagnostics. 

So don’t let the stringent jitter requirements 
of ATM get on your nerves. Start off your next 
design day with the SST from Cypress, the ) 











frequencies (51.8 OC-1 and high-speed leader. aaa: 
155.52 MHz OC-3.) “iver |  It’llopen your eyes. “Qaer 
Thanks to its integrated | . For your free sample certi-  ™ 
transmit and receive phase i. | SONET ficate and design kit. In 
lock loops, the SST lets you =| : ss Europe: (32) 2-652-0270, 
use a low-cost 19.44 MHz 4 ext 11S, Dept. C313. In 
Asia: fax your request to 
1-415-940-4337, Dept. C313. 














Or contact us via Europe and Asia telephone numbers listed below. *The international operator can give you your country’s specific access code. Europe: fax 
(32) 2-652-1504. Telephone Hong Kong: (852) 710-8121. India: (812) 566-630 x-3808. Japan:(81) 423-69-82-11. Korea: (82) 2-576-2111 or (82) 2-888-2858. 
Singapore: (65) 294-8389. Taiwan: (886) 2-820-53-53. © 1994 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 Phone 1-408-943-2600. 
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fyou have already read Jim Wil- 
liams’ compilation, “Analog 
Circuit Design: Art, Science, 
and Personalities,”! then you 
may look on this column as a summer 
rerun. However, several people, after 
reading my 1993 comments on F're- 
quency-to-Voltage converters, asked 
my opinions on Voltage-to-F'requency 
Converters. I realized I had written 
all this down already, so here is a 
serialized version of the chapter I 
wrote in Jim's book—reprinted with 
the kind permission of Butterworth- 
Heinemann, Boston, Mass. Mean- 
while, ’'m going hiking —RAP 

| In my June 27 
column, I prom- 
_ ised to tell you all 
— about the develop- 
ment of the 4701 
_ V-to-F Converter, 
_ so here’s the story. 

















for the schematic. I 
realized that my 
_ original circuit had 
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depended on the 
OBTAINED A power-supply mag- 
BSEE FROM MIT _ nitude for its Gain 
IN1961ANDIS Factor. So, it had 
STAFF no power supply 
SCIENTIST AT rejection, or, to be 
NATIONAL more nearly cor- 
SEMICONDUCT- rect, ithadaPSRR 
OR CORP., of about 0dB. Sol 
SANTA CLARA, added a Zener ina 
CALIF. bridge to create a 





PSRR of perhaps 
45 dB. (Note, that was the first time I 
had ever seen such a Zener bridge— 
was I one of the earliest inventors of 
that circuit? It’s a neat and useful cir- 
cuit.) I also added improved features 
around the amplifier itself to improve 
the startup and the accuracy. I re- 
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WHAT S ALL THIS V-F 
CONVERTER STUFF, 
NYHOW? (PART 1) 








placed the (sole-sourced) 805BE with 
the more popular and inexpensive 
LMB301A. 

I gave the breadboard to my tech- 
nician, Dick Robie, to oven it and 
graph out the tempco from the tem- 
perature data. That night, when I was 
on the way out the door, I stopped and 
asked Dick what had he seen for the 
tempco. He replied, about zero. I 
asked, “Whaddya mean, zero. You 
mean, down near 100 parts per million 
per degree C?” He replied, “Oh, much 
better than 100—less than 10 ppm per 
degree C.” 

I was shocked. How could it be that 
good?? The next day, I figured out the 
fortuitous situation: For the “charge- 
dispensing capacitor,” I had, of course, 
used one of the best capacitors in the 
house, the most precise and stable 
ones, which were polystyrenes with a 
tempco of -110 ppm/ °C. 

This tempco was just about can- 


celled out by the tempco of the entire 
group of diodes in the rest of the cir- 
cuit. Namely, the driven end of the 
capacitor moves about 12.4 V p-p, plus 
the V; of 4 diodes. 

These 4 diodes run rich at about 6 
mA, and have a tempco of about —2.0 
mV/ °C. The peak-to-peak voltage of 
these 4 diodes is approximately can- 
celled by that of the other four Vp.s 


at the other end of the Polystyrene 


capacitor, but those diodes run at 
about 0.1 mA, and their tempco is 
about -2.3 mV/ °C. 

The difference of these is about 4 x 
0.3 mV/°C, or 1.2 mV/°C, which is 
about big enough to cancel out the 
-~110 ppm/ °C of the capacitor. Now, 
there were several things I could have 
done to fix it if the tempcos hadn't 
come out even. For example, I could 
have used 8 diodes, or 5, or 4 1/2, or 
3 1/2, but if 4 was the right answer, I'd 
go with it. 

Now, how DOES this Kluge Work?? 
The best way for me to explain how 
the 4701 V-to-F Converter really 
works is for you to trust me, and 
assume that it really does work. Af- 
ter we analyze each section of it, 
then you will agree that was a rea- 
sonable assumption. 

First, let’s assume that the — input 
of op amp Al isa few millivolts more 
negative than the + input, and that 
Vin is some positive voltage. Rather 
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soon, the voltage at the — input will 
cross over and exceed that of the + 
input. Now, during this time, Al’s 
output has been at the + limit, near 
+13 V. But when the inputs cross, the 
output will rapidly slew to -13 V. 
What are the interesting things hap- 
pening then? 

(1) Because there’s positive feed- 
back through C3 = 10 pF, the + input 
is driven a few volts negative. This 
ensures that there will be a good wide 
healthy pulse—at least 17 or 21 us. 

(2) The right-hand end of C2 is 
driven from about +7.5 V to —7.5 V, 
and the left-hand end of C2 is dis- 
charged through the emitter of Q1. 
That’s a specific amount of charge, 
Q=CxAV. And the AV isn’t just the 
15 V p-p at the right-hand end of C2, 
but rather it’s that 15 V p-p minus 
the 2.5-V p-p excursion at the left- 
hand end. When this charge is 
driven into the emitter of Q1, it 
comes out of the collector (well, at 
least 99.5% of it does) and pulls the 
voltage on the 3.3-uF capacitor down 
by about 12 mV. During this time, the 
voltage at the + input of Al is much 
more negative than that, so this step 
of -12 mV is just a minor jump. But, 
that charge is the magic element of 
precision. You see, the size of the 
12-mV jump isn’t important, but the 
amount of charge is. 

Note, in most conventional V-to-F 
converters, the charge is dispensed 
by a timer circuit such as an LM555, 
which gates a current ON and OFF, 
so Q = I x T. However, you do need 
Several precision resistors. Even 
then, though, the timer is subject to 
drift and noise, making it a rather 
crude, drifty, noisy, unstable kind of 
charge dispenser. In the 4701, the 
gain depends almost entirely on just 
3 elements—the Zener voltage, the 
capacitor, and the input resistor R8. 
It’s true that the diodes enter in, but 
since the Ves of D1, D2, D3, and Q1 
cancel out the V¢s of D4, D5, D6, and 
D7, then there’s not a lot of error or 
drift likely there. 

(5) Now that the output is staying 
at a negative 13 V and most of the 
charge on C2 has flowed through Q1, 
there are 2 more details going on: 

(a) During this time, the current 
through R2 pulls at the emitter of Q1 
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and makes sure that Q1’s emitter set- 
tles at a stable voltage. It makes sure 
that Q1’s emitter voltage doesn’t tail 
off to some drifty voltage. Even 
though R2 looks like it will dump in 
current that would hurt precision, it 
actually helps the precision. Even 
though a precision capacitor used in a 
precision VFC would normally not 
have a 3-MQ resistor across it leaking 
like crazy—this circuit thrives on ex- 
actly that “leakage”—because it 
makes the emitter voltage settle to a 
consistent level. 

(b) The voltage at pin 3 of Al (V3) is 
tailing up gradually to be more posi- 
tive than the voltage at pin 2 (Vo). 
After all, pin 2 was pushed down 12 
mV. Soon, after about a total of 20 us, 
V3 will cross Vg and the output will 
bang back up to +18 V. 

(4) Okay, now finally V3 crosses Vo 
and Al’s output goes positive. We 
have to wait for the current through 
R8 to pull Vo up the 12 mV that it was 
pushed down. That time will, of 
course, depend (inversely) on the size 
of the signal input; the bigger, the 
faster. That means the time between 
pulses could be anything between 90 
us and 9 or 90 ms. 

Are we forgetting something? Yes. 
The peak-to-peak voltage at the left 
end of C2 must be stable and constant 
and invariant of rep rate. But the di- 
odes there might give a long tail—the 
voltage might settle gradually and 
give a different peak-to-peak value at 
different speeds. By definition, that 
would hurt the linearity. 

What’s the fix? The current 
through R2 is the fix. That current 
flows through D1, D2, and D3, and 
forces the left end of C2 to settle to 
within a millivolt or two of its final de 
value in just 50 or 60 us. Without R2, 
the linearity goes to pot. Now, it looks 
REALLY STUPID to have a circuit 
like this in which the “precision ca- 
pacitor” C2 has a resistor across it 
that makes so much “leakage.” But 
that controlled “leakage” turns out to 
be EXACTLY the reason for the pre- 
cision and excellent linearity. The 
Swedish design didn’t have this, and 
while their circuit had good linearity 
at 1 kHz, it couldn’t be made to work 
well at 10 kHz. But the basic charge 
dispenser, when driven with suitably 
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fast transistors, works well at 100, 
1000, and even 5000 kHz. 

What else is in the circuit? D8 is 
needed between pins 1 and 8 of the 
LM301A to keep it from wasting ex- 
cessive current in its — limit. D9 works 
well to protect the + input from over- 
drive in the + direction. Q3 functions 
only when you overdrive the input— 
let’s say, pull V;, up to +50 V—and put 
in so much current that the VFC 
stops. Then it stops with pin 2 of Al at 
+1 V, and pin 6 at -13 V. It would never 
put out another pulse. It would never 
restart, even if V;, falls to a legal level, 
such as +1 or +5 V. However, we have 
added Q3. So, after a lag, C5 gets 
pulled minus, and Q8 turns on and 
pulls pin 2 so low that operation does 
start again. In normal operation, Q3 
just sits there and does nothing, bi- 
ased OF F. 

C7 acts as a pulse stretcher. The 
pulse width at the output of Al is 
about 22 us. But we had a companion 
F’-to-V converter, the 4702, that could 
only accept 20 us (or wider) pulses. If 
Al’s output pulse got any narrower 
than 20, the 4702 would lose accuracy. 
We solved the problem by putting in 
C7. Therefore, when Al makes a 20 us 
pulse, the base of Q2 would be held off 
a little longer than that due to the RC 
lag—about 15 us extra. Then a 4701’s 
pulse was always plenty wide enough 
to drive a 4702. 

The little capacitor C6 was added to 
make the peak-to-peak voltage at Vo 
a little bigger. So, when some LM301’s 
were a little slow, there was now a 
bigger signal between Vo and Vz, and 
the amplifier wouldn’t balk. After all, 
the LM301 is characterized as an op- 
erational amplifier, and if some are a 
little slower than others when you run 
them as a comparator, you really can’t 
complain... 

As you can see, the 4701 circuit did 
get a couple of band-aids, but not too 
many, and we never really did get 
stumped or stuck in production. Our 
customers loved the linearity, the 
tempco was pretty good, and the fre- 
quency output would never quit. 
The customers figured they really 
got their money’s worth, and I cer- 
tainly couldn’t disagree with a satis- 
fied customer. 

I got my boss, Dave Ludwig, to ap- 
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prove the layout of a printed-circuit 
board, and I think Wayne Norwood 
was the guy who laid it out. We built 
up a few dozen and evaluated them 
thoroughly. I wrote up a draft ofa data 
sheet, and I negotiated with Skip Os- 
good and Bill Bernardi to get it 
printed properly. I made up some test 
equipment and we got asilk screen for 
the module, and we called it the 4701. 
We were in the Voltage-to-Frequency 
Converter business. 

To this day, I don’t recall exactly 
how we got these V-to-F Converters 
to be so popular. I can’t recall how we 
found so many customers, or how we 
publicized the VFCs. I asked Frank 
Goodenough because I knew he had 
been involved. He recalled that he had 
looked at some of the characteristics 
of this 4701, and he suspected that a 
good V-to-F Converter might be use- 
ful at The Foxboro Company, the big 
process-control experts. Indeed, he 
did find some interest there. The com- 
pany was very interested, but it never 
bought very many because they 
wanted to buy only parts available 
from multiple sources. 

The 4701 became popular, with 
many customers at many companies. 
It became profitable. It became good 
business. If I had all the time and 
space in the world, I would tell you 
how the 4701 led to the 4702 (a 10- 
kHz F-to-V Converter using the 
same charge-dispensing principles) 
and the 4703 (100-kHz full-scale 
VFC) and the 4705 and 4707 (1-MHz 
and 5-MHz VFCs). Also, the 4709, 
4711, 4721, and 4715 VF Cs, and 4704, 
4706, 4708, 4710, and 4722 FVCs. 
Some of these had a moderate tem- 
peo of 150 or 44 ppm/ °C, but some 
were well- trimmed and guaranteed 
to 6 ppm/ °C—as good as the best 
DVMs of the day. 

But it all started with that crummy 
little 4701—and the principle that one 
cheap operational amplifier driving a 
little charge dispenser could make a 
very linear data converter. This came 
from an understanding that you could 
build an oscillator with a UJT and an 
operational amplifier to help improve 
the linearity, and then throw out the 
UJT!! I was able to do that because I 
was receptive to the concepts that 
would make a good Voltage-to-Fre- 


DE S I 
JULY 11. 1994 


quency converter, even though I had 
never seen a Voltage-to-Frequency 
converter! 

I was able to make accurate meas- 
urements, to throw in precision com- 
ponents—Zener references, capaci- 
tors, resistors—and to get inexpen- 
sive IC amplifiers, and to optimize the 
whole little system. What’s the lesson 
for us to learn? 

I like to think of the words of 
Branch Rickey, manager of the St. 
Louis Cardinals in the 1920s (and later 
manager of the Brooklyn Dodgers). 
One of his favorite sayings was “Good 
luck is the residue of design.” When he 
referred to his baseball teams, he 
meant that his players were able to 
handle any play, field the ball, throw 
to the right base, etc., no matter how 
surprising the bounce of the ball 
might be. 

If his players had learned the fun- 
damentals, if they were prepared for 
any situation, they could take advan- 
tage of game situations and WIN. 
Other people might say his players 
were just lucky, but he knew darned 
well that he had trained them and 
drilled them so they would instinc- 
tively know to do the right thing. 

I, too, was in a situation where I was 
prepared to take advantage of the op- 
portunity, and I didn’t drop the ball 
when it came my way. (Well, I fumbled 
it for a while but then I got it right.) 
That’s the point of this column: When 
somebody hands you a gift on a silver 
platter, you really must be prepared 
to recognize it. 


All for now. / Comments invited! 
RAP / Robert A. Pease / Engineer 


Address: 

Mail Stop D2597A 

National Semiconductor 
P.O. Box 58090 

Santa Clara, CA 95052-8090 
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ANDERS FRISK, ICL PERSONAL SYSTEMS 


“ n 1991, the VESA Monitor Committee estab- 
lished an agreement on what was then 
thought to be ergonomically adequate CRT 
monitor timings for 15-inch and smaller dis- 
plays. However, some manufacturers with an 
eye on the European markets and those with 
' larger monitors realized that the 1991-vintage 

moe 70- and 72-Hz timings wouldn’t be sufficient 
ibe very ene: The committee tried to find a method of 
giving each manufacturer some way to use the timings 
that are required for their market segment. They also 
looked for a way to inform the host computer’s graphics 
controller of the monitor’s capabilities at each supported 
resolution with its corresponding timing. The resulting 
VESA Display Information Format (VDIF) established a 
common language to describe monitor capabilities 

Since that time, the PC industry has identi- | 
fied the need for plug-and-play configura- 
tion. It became clear that the VESA Monitor — 
Committee had to address the display identi- — 
fication and configuration issue with an open 
solution that benefits the entire graphics in- 
dustry. Consequently, the group defined the 
Display Data Channel (DDC)—a communica- 
tion channel over which the monitor automat- 
ically informs the host system about its capa- [| 
bilities. 

The proposal consists of three parts: the hardware in- 
terface, the information content, and the BIOS interface. 
The hardware interface, or DDC level and command set, 
has two alternatives. The DDC1, a unidirectional commu- 
nication channel, continuously transfers the EDID infor- 
mation from the display to the host. The DDC2, a bidirec- 
tional channel based on the Access.bus, connects low- to 
medium-speed peripherals to the host system. 

A DDC2 device can support either a limited command 
set (called DDC2B), which just lets the host retrieve in- 
formation from the display, or the Access.bus command 
set for monitors (called DDC2AB) in DDC language. The 
Access.bus Monitor Command Set is currently under 
joint development by both VESA and the Access.bus In- 
dustry Group. 

Both DDC1 and DDC2 share the same signal pins in 
the 15-pin VGA connector. As a result, the DDC can be 
implemented rapidly in both monitors and host systems. 
Monitors must support both DDC1 and DDC2, while host 
systems can support either one. This will assure a com- 
plete mix-and-match capability. 
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DDC is implementable in any monitor simply by add- 
ing one memory chip with an integrated DDC interface, a 
component that’s currently being developed by a few 
vendors. Alternatively, the DDC can be embedded in 
software in a monitor microcontroller. 

In existing designs, applying DDC1 on the host side 
can be done by adding software that reads EDID data re- 
ceived from pin 12 on the VGA connector. Some designs 
may need a minor hardware change. Implementing 
DDC2 requires more significant changes, but is well 
worth the effort. The benefit is that all types of Access- 
.bus devices can be connected to the host through this in- 
terface. If the monitor is Access.bus command-set-capa- 
ble, the system can perform more advanced monitor con- 
trol functions through the keyboard and mouse. One dif- 
ficult is that the Access.bus-capable host systems must 

supply +5 V to the host connector. Avoiding 
improper sequencing of the supply power, 
which could damage the display and host in- 
terface, requires a unique design of the host 
connector. Socket number nine must be 
moved back 0.05 in. to ensure proper sequenc- 
ing. To identify the Access.bus-compatible 
_ ____ system and avoid an incorrect connection, the 
m. plastic insert in the connector is colored royal 

| blue. 
| The information content of the proposal, 
called Extended Display ID (EDID), is a 128-byte block of 
information about the display. The information is divided 
into categories: Vendor and Product Identification, in 
which the data is based on the EISA ID format; and Basic 
Display Parameters and Features, which holds informa- 
tion about the size, color characteristics, and level of sup- 
port for the VESA display power-management signaling 
standard (DPMS). The next three categories define sup- 
port for various monitor timings. Established Timings is 
a bit field that indicates support for existing VESA and 
industry-standard timings; Standard Timings is a field of 
eight 2-byte identifiers that are assigned once future tim- 
ings are defined; and Detailed Timings lets the monitor 
vendor describe (in detail) up to four sets of unique manu- 
facturer timings. 

The BIOS interface, called VBE/DDGC, is a separate 
standards proposal describing extensions to the PC video 
BIOS for retrieving EDID or VDIF information from the 
display. 

Thanks to Diane Rogers of NEC Technologies Inc., 
who contributed to this article. 
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Now we’ve made big cuts in prices Now... 


too. Recent reductions in our op amp 
family averaged 25%, which means 
you get exceptional performance for 
your money. That applies to the newest 
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cations such as state-variable filters. 


Don’t cut yourself out of the best deals 
in op amps. Call today and find out just 
how much performance you can get 
for the money. 
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nally were created to solve 

a specific design problem: 
To provide a standard interface 
that expands memory in porta- 
ble systems. Later, I/O-card ex- 
pansion was added to the specifi- 
cation. But with the growing 
range of PCMCIA peripheral 
and memory cards comes a de- 
mand for desktop systems or 
docking stations that can easily 
exchange data and share peri- 
pherals with portable systems. 
Today designers are being asked 
to add PCMCIA card sockets to 
the desktop.. Consequently, 
those designers face a new set of 
challenges as they try to adapt 
what was originally a portable 
concept to the desktop environ- 
ment. 

Implementing PCMCIA in 
the desktop requires not only ad- 
herence to the PCMCIA stan- 
dard, but also consideration of 
several physical and electrical is- 
sues. In desktop systems, for ex- 
ample, it’s necessary to support 
both front and rear access for 
PCMCIA sockets. I/O cards 
such as LAN adapters require a 
connection in the rear of the ma- 
chine, while memory cards, 
which function like floppy-disk 
drives, require front access. To 
satisfy these demands, system 
designers must consider the 
complexities of driving signals 
from the motherboard to the 
PCMCIA socket through ca- 
bles. Issues to be resolved in- 
clude transmission line analysis 
for the cabling, interrupt shar- 
ing to support multiple sockets, 
and accommodation of the com- 
ing Plug and Play (PnP) stan- 
dard. 

In applications where cables 
connect the cards to the 
PCMCIA socket controller, the 


e CMCIA card sockets origi- 


Adding card sockets to desktop systems 


introduces new design challenges. 
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behavior of a given signal travel- 
ing from the transmitting point 
to the receiving point can be af- 
fected by the transmission medi- 
um as well as its surrounding en- 
vironment. These phenomena 
are known as transmission-line 
effects and crosstalk, respective- 
ly. If not handled carefully, they 
can cause the system to malfunc- 
tion. 

Fortunately, in most cases, 
designers can solve these prob- 
lems by following a few rules. 
For example, the maximum du- 
ration of reflection caused by 
transmission-line effects and 
noise generated by crosstalk de- 
pends on the length and type of 
insulation used in a particular 
cable. This duration varies be- 
tween 3 and 4 ns/ft. of cable. So, 
for any given logic type, the sys- 
tem can be built with cables up 
to a specified length without 
worrying about reflection and 
noise problems. This holds true 
because, in general, if a flip-flop 
input is altered by noise or re- 
flection for less than its setup 
time, the correct state is still 
maintained. 

A TTL flip-flop with a mini- 
mum setup time of 10 ns, for in- 
stance, can be used in a system 
with cables up to 2.5 ft. (10/4) 
without adverse implications. If, 
however, the designer uses fast 
Schottky TTL flip-flops with 
minimum setups of less than 2 
ns, he will encounter transmis- 
sion-line problems with cables 
only 0.5 ft. (2/4) long. High- 
speed logic circuits can experi- 
ence problems with cables less 
than 1 in. Therefore, it’s impor- 
tant for designers to limit the 
logic speed to the maximum 
speed needed for efficient opera- 
tion. 

The transmission-line con- 


Designers can 
simulate ef- 
fects on any 
given signal 
and optimize 

design without 
actual proto- 


typing. 
= 


cept isn’t only useful, but neces- 
sary if designers plan to operate 
a system with cables longer than 
the maximum lengths calculat- 
ed for the various logic types. 
Transmission-line theory states 
that reflection is produced if the 
characteristic impedance of a 
cable connected to the 
PCMCIA socket controller isn’t 
matched by the termination 1m- 
pedance on the socket side. 


ith today’s CAE tools, 

designers can simulate 
the transmission-line effects on 
any given signal and optimize a 
design without actual prototyp- 
ing. The result’s accuracy de- 
pends greatly on the simulation 
model and requires the electrical 
characteristics of the cable, the 
transmitter, and the receiver. In 
a model for transmission-line 
testing, the RC termination re- 
moves the dc power load on the 
system power supply at the ex- 
pense of increasing the signal 
edges’ transition time. Either 
RC or series termination can be 
used in the model. 

If the designer chooses to use 
series termination, the resistor 
must be located near the socket 
controller. The transmit and re- 
ceive waveforms illustrate the 
transmission-line effects when 
the system features no termina- 
tion, RC termination, and series 
termination, respectively (Figs. 
la, Ib, and Ic). No termination 
creates a ringing effect, RC ter- 
mination can generate over- 
shoot and undershoot, and se- 
ries termination provides a more 
perfect looking waveform but 
with some delay. By simulating 
the system, designers can quick- 
ly compare the results of differ- 
ent termination methods and 
choose the one that best suits the 
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transmission-line ef- 
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application. Other variables re- 
quired for the simulation in- 
clude the electrical characteris- 
tics of the cable, the transmitter, 
and the receiver. 

One of the major debates in 
PCMCIA applications is wheth- 
er buffers are necessary on the 
socket side. Because PC cards 
lack some applicable specifica- 
tions, designers must deduce a 
number of critical parameters 
necessary for a worst-case anal- 
ysis from the available informa- 
tion. For example, the rise time 
and output resistance and cur- 
rent of the card’s output drivers 
are typically unspecified. As 
previously demonstrated, the 
transmission-line model also de- 
pends on the electrical charac- 
teristics of both the transmitter 
and the receiver. Without such 
knowledge, designers can’t opti- 
mize their models. Driving long 
cables in high-performance, 
high-reliability systems de- 
mands buffers at the PC-card 
end of the cable and PCMCIA 
socket controllers that can con- 
trol the direction of the external 
remote buffers. In low-end ap- 
plications, designers must trade 
off reliability against lower cost. 


Arete: cabling issue to 
consider is electromagnet- 
ic coupling between signal wires, 
or crosstalk. In a transmission- 
line model with coupling from 
an adjacent signal wire, V; is al- 
ways 0 V, R,; equals the source 
resistance R,, R,,/C; equals R-/ 
C,, and R,,o/C, equals R,/C). 
The goal is to induce an output 
voltage on the neighboring out- 
put line (between nodes 4 and 10 
on the circuit), due to the fluctu- 
ations of the primary line (be- 
tween nodes 3 and 4) (Fig. 2). 
Crosstalk will result on the 
neighboring signal if the disturb- 
ing signal isn’t terminated prop- 
erly, while a_well-terminated 
signal can limit crosstalk to sig- 
nal transitions. As long as a rea- 
sonable clock speed is employed, 
the signals will have time to set- 
tle until they reach the correct 
final value before the next clock, 
despite the temporary incorrect 
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value caused by crosstalk. As a 
result, crosstalk can be ignored 
on the signal lines. 

One exception to the de- 
scribed scenario is crosstalk 
back to previous logic levels on 
ECL systems. This type of cross- 
talk can cause oscillations due to 
the formation of positive feed- 
back loops. When TTL is em- 
ployed, this is less likely to oc- 
cur, because little time is spent in 
the transition region where for- 
ward gain exists. 

One simple way to reduce 
crosstalk is to use a multilayer 
pe board with a ground plane. 
The ground plane lowers the im- 
pedance of the individual con- 
ductors and partially intercepts 
the electrostatic (capacitive) and 
electromagnetic (inductive) 
fields linking the two conduc- 
tors. The crosstalk voltage pro- 
duced on a passive line essential- 
ly results from a mutual imped- 
ance coming from the disturbing 
signal lines. This produces a 
voltage across the line’s charac- 
teristic impedance (to ground). 
Therefore, the signal line should 
have the lowest characteristic 
impedance and the highest mu- 
tual impedance to the disturbing 
signal. When the distance to the 
ground plane is comparable to 
the distance between signal 
lines, crosstalk rapidly de- 
creases. 

Although a multilayer board 
with a ground plane reduces 
crosstalk problems, a less expen- 
sive, double-sided board with a 
careful layout often can perform 
acceptably. Various PCMCIA 
socket-controller suppliers offer 
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IRQ15 
(a) 


Ml PCMCIA ON THE DESKTOP 


2. The crosstalk in ca- 
bles occurs when 
proper termination 
isn’t present. In the 
model, the goal is to 
induce an output volt- 
age on the neighbor- 
ing output line (be- 
tween nodes-4 and 
10), due to the fluctu- 
ations of the primary 
line (between nodes 3 
and 4). 


3. Here are two ways 
to handle interrupt 
sharing with multiple 
controllers. First, an 
RC circuit generates a 
pulse on the IRQ’s ris- 
ing edge, which is in- 
verted by an open-col- 
lector 74HCO5 invert- 
er, driving the IRQ 15 
line on the bus. The 
pulse’s trailing edge 
triggers the interrupt 
(a). The second tech- 
nique uses the INTR 
signal instead of IRQ 
15 for the status 
change interrupt. INTR 
is connected to a 
74HCO09 open-collector 
AND gate, which 
drives the IRQ 15 line 
on the ISA bus (b). 


Cy, G = Output capacitance 
Co, Cg = Input capacitance 
C3, C4 = Termination capacitance 





socket-adapter manufacturing 
kits that employ double-sided pc 
boards for low-cost production. 

To further minimize cross- 
talk, designers can isolate simi- 
lar buses by surrounding them 
with ground wires in the flat ca- 
ble. For example, the array of 
wires for the data and address 
buses should each be bordered 
by two ground wires, and all 
other control lines should be 
separated by alternating ground 
wires in the cable. 

While today’s notebook com- 
puters typically feature a maxi- 
mum of two PCMCIA sockets, 
desktop environments frequent- 
ly require more than two sock- 
ets. That presents new address- 
ing and interrupt-sharing prob- 
lems. The portable’s dual sock- 
ets are usually supported by a 
single integrated PCMCIA 
socket controller. Multiple 


ISA bus 


PMCIA 
socket repli 


INTR 


PMCIA 
socket controller 
#2 


INTR 





(h) 


Strapping resistor 


Ry = Source resistance 

Ro, Ryo = Input resistance 

Rs, Rg = Termination resistance 
R7, Ry7 = Output resistance 

Rg, Ro, Ry3 = Pull-up resistance 


socket controllers within a sys- 
tem must provide selectable ad- 
dressing or indexing. It’s impor- 
tant to note that not all 
PCMCIA socket controllers of- 
fer the same capabilities in this 
area. Many controllers support 
alternative addressing or index- 
ing by either resistor strapping 
or external decoding. Resistor 
strapping is relatively inexpen- 
sive, but can limit the maximum 
number of controllers to four (or 
eight sockets). External decod- 
ing allows more flexible address- 
ing, but requires additional 
hardware. System designers 
must choose a socket controller 
that can provide the appropriate 
capability for their application. 


Airette: problem designers 
confront when supporting 
multiple controllers is interrupt 
sharing. In most designs, the 


ISA bus 













Strapping resistor 
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PCMCIA status-change inter- 
rupt usually appears on inter- 
rupt-request line (IRQ) 15. 
PCMCIA socket controllers 
that only support level inter- 
rupts won’t be able operate a 
sharing scheme because the ISA 
bus requires a low-to-high tran- 
sition on IRQ 15 to recognize 
the interrupt. 

Here are two example solu- 
tions to this problem. First, an 
RC circuit generates a pulse on 
the rising edge of the IRQ, 
which is inverted by an open- 
collector 74HCOS5 inverter. It 
then drives the IRQ 15 line on 
the bus. The trailing edge of the 
pulse triggers the interrupt (Fig. 
3a). The second technique re- 
quires that the Socket Services 
software be modified to use 
INTR instead of IRQ 15 for the 
status change interrupt. INTR 
is then connected to a 74HCO09 
open-collector AND gate, 
which in turn drives the IRQ 15 
line on the ISA bus (Fig. 3b). 
The INTR output is a low-going 
pulse, and the interrupt is trig- 
gered on the trailing edge. 

Some PCMCIA socket con- 
trollers, such as Vadem’s VG- 
469, don’t require external logic 
to support a shared interrupt. 
They can be wire-ORed together 
to form one IRQ 15 interrupt. 
When the internal STATIRQ- 
SHARE bit is set, the IRQ that’s 
programmed to be the status 
change output is normally three- 
stated, but it pulses low for a few 
clock cycles when a status 
change occurs. The pulse’s ris- 
ing edge triggers the interrupt. 
This satisfies several conditions 
of the XT or AT system’s 8259 
interrupt controller when oper- 
ating in the edge sensitive mode, 
such as: 


1. The interrupt must cause a 
positive transition edge on the 
IRQ 15 signal to request the in- 
terrupt. 

2. The IRQ 15 signal must be in 
the high state when the interrupt 
is acknowledged by the CPU. 

3. The IRQ 15 signal has a pull- 
up resistor that causes the signal 
to remain in the asserted condi- 
tion when the IRQ 15 signal isn’t 





being driven. 

PnP, which makes the instal- 
lation of add-in cards transpar- 
ent to end users, will be support- 
ed in the upcoming Windows re- 
vision. Dynamic system config- 
uration for a notebook computer 
is never a problem because it’s a 
closed system except when con- 
nected to a docking station. And 
PCMCIA, designed with a form 
of plug-and-play in mind, sup- 
ports hot swapping. 

The move to “hot docking,” 
however, completely changes 
the system design. In this envi- 
ronment, resources can be add- 
ed or deleted from the system at 
any time. For these systems to 
run properly, the operating sys- 
tem must maintain complete 
control of the system resources 
at all times. But older ISA add- 
in cards don’t give that control 
to the operating system. Many 
times, the resources taken by 
these cards are set by jumper set- 
tings and can’t be easily reset. 
The PnP specification solves 
this problem by defining a set of 
configuration ports that all PnP- 
compliant ISA cards adhere to. 
When requested, the cards will 
issue their identifications, called 
the device IDs. And a collision- 
detection protocol prevents 
cards from interfering with each 
other. 

Once all of the cards are iden- 
tified, the operating system uses 
device IDs to access the correct 
device drivers and other re- 
source requirements for each 
card. To comply with the speci- 
fication, some PCMCIA Socket 
Controllers provide an interface 
to serial EEPROM to store de- 
vice IDs and resource require- 
ments. 


Henry Fung, v.p. of engineer- 
ing at Vadem, holds BSEE and 
MSEE degrees from San Jose 
State University, Calif. 
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To order a Free catalog, or for ~ 
engineering assistance, call: { 


(203) 853-4433 \ _ 
Fax: (203) 849-14238 
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VECTRON LABORATORIES, INC. 
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A new family of gate arrays, aimed at PCI-based computers, will 
support 5 V, 3.8 V, and future voltages. The Universal PCI series, devel- 
oped by NEC Electronics, Mountain View, Calif., also directly drives the 
peripheral-component interconnect (PCI) bus or Gunning-transceiver log- 
ic (GTL). With three supply rails, the arrays can offer 5 V on some 1/0 
lines and 3.3 V on others. As a result, they can be used in mixed-voltage 
systems and tie in with 5- or 3.3-V PCI buses, or with the universal PCI 
buffer. In addition, the arrays can handle standard signaling levels for 
CMOS, low-voltage CMOS, TTL, and LVTTL. Of the 14 arrays in the fam- 
ily, the largest has 228,000 available gates and loaded gate delays of about 
290 ps. Typical consumption per gate is 2.7 »W/MHz/gate. The arrays 
come in 160- to 304-lead PQFPs. NRE charges vary depending on design 
complexity, but basic packaged chips sell for $6 to $60 each in lots of 
10,000. Contact Christina Smith at (415) 965-6000. 

Aimed at 3.3-V desktops or portables, the Apollo pc chip set includes 
a PCI bridge interface and enhanced buffering that gives the set a 10% 
performance gain over competitors. In addition, its integrated power man- 
agement minimizes power drain during system idling. Created by Via 
Technologies, Fremont, Calif., the Apollo chips support single and dual 64- 
bit Pentium 3.3-V CPUs with internal speeds of 100 MHz and higher. They 
also provide 5-V interfaces for DRAMs as well as for VL, ISA, and PCI 
buses that can run at up to 66 MHz. The chip set consists of a 208-lead 
system controller, two 100-pin data buffers, and a 160-lead VLbus-to-PCI- 
bus bridge. A 100-lead X-bus peripheral controller provides a multi-output 
clock generator, a real-time clock, keyboard controller, and PS/2-style 
mouse support. The chip set addresses up to 512 Mbytes of system memo- 
ry andasecond-level cache of 256 kbytes to 2 Mbytes (standard or synchro- 
nous SRAMs). Mechanisms are included for shared-memory coherency, 
burst read/write transactions, interrupt steering, interprocessor commu- 
nication, and bus arbitration. Samples are available; in OEM quantities 
the chip set sells for about $48. Contact Dick Renne at (510) 683-3300. 

A family of 16-Mbit synchronous 3.3-V DRAMs helps meet the needs 
of high-performance systems thanks to its ability to stream data at 100 
MHz. The dual-bank, pulsed-RAS design conceived by Samsung Semicon- 
ductor, San Jose, Calif., includes three versions: the KM4484020A (two 
banks of 2 Mwords by 4 bits), the KM48S2020A (two banks of 1 Mword by 8 
bits), and the KM416S1020 (two banks of 512 kwords by 16 bits). The 
DRAMs are totally synchronous, with all inputs sampled and all outputs 
valid at the positive-going edge of the system clock. They require only the 
starting address and a burst length of 2, 4, or 8 bits. Once the burst begins, 
valid data is put on the bus every clock cycle. When the burst ends, the out- 
puts are placed in a high-impedance mode. Bursts can be programmed ei- 
ther by incrementing with a linear binary count, or by using Intel’s inter- 
leave count. Both the 4-bit- and 8-bit-wide units are now sampling; the 16- 
bit DRAM will be sampled by year’s end. All will be available in 77-, 88-, 
and 100-MHz versions, and initially will cost about 830% more than compa- 
rably-sized asynchronous DRAMs. Call (408) 954-7000. 

With a peak bandwidth of 80 Mbytes, the single-chip MC92005 SBus 
slave controller offered by Motorola Inc., Chandler, Ariz., operates from 
16.67 to 25 MHz. It supports processor clocks up to 60 MHz. Designed 
jointly by Motorola and Sun Microsystems, the CMOS chip interfaces up 
to six 32-bit slave devices to the SBus without any other chips. Thanks toa 
programmable private bus interface (PBus), the SBus configuration 
PROM and several peripheral devices or memory chips also can be directly 
connected to the SBus. A prototype board containing the chip and support 
hardware is available from Dawn VME Products, Fremont, Calif. The 
MC92005 comes in a 160-lead PQFP and sells for under $80 each in lots of 
1000. Contact Gordon McDonald at (602) 814-4560. 
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v AUDIO BOARD 

RUNS DSP OS 
A task-managing DSP operating 
system is embedded into the 16-bit 
SoundWave 32+SCSI wave-table au- 
dio card. As a result, users can 
change the personality of the card 
without leaving the Windows operat- 
ing environment. Different DSP al- 
gorithms can be performed in real 
time, such as 10:1 audio compression, 
special effects, Q-sound, voice recog- 
nition, and music synthesis. Most 
standard audio formats are support- 
ed, including SoundBlaster, AdLib, 
Windows Sound System, and the Ro- 
land MPU-401 MIDI interface and 
MT-32 sound module. 

The board comes with 2 Mbytes of 
sound samples, while 16-bit stereo 
audio and ADPCM compression let 
users record sounds directly to the 
PC’s hard-disk drive. A second wave- 
table synthesizer can be added for 
improved sound quality and higher 
polyphony (up to 56 voices). A CD- 
ROM interface controller permits 
connection to SCSI-based drives. Re- 
corder and voice-recognition soft- 
ware comes bundled with the board. 
The SoundWave 32+SCSI is priced 
at $279. 

Orchid Technology Inc. 

453865 Northport Loop West 

Fremont, CA 945388 

(510) 683-0300 

> CIRCLE 601 


VW TRACKBALL DOUBLES AS 
PRESENTATION DEVICE 

The TrackMan Voyager, which is a 
trackball that works with both desk- 
top and portable computers, can be 
used as a handheld presentation de- 
vice. The device’s small form factor 
and integrated cover make it easy to 
carry and comfortable to use. It can 
be operated in five different posi- 
tions. The enhanced driver software 
lets portable users adjust the cursor 
speed and directional orientation of 
the trackball and also set the three 
buttons for customized functions. 
Common commands such as double 
clicking can be assigned to one click 
for higher efficiency. The TrackMan 
Voyager is available now for $89.95. 

Logitech Inc. 

6505 Kaiser Dr. 

Fremont, CA 94555 

(510) 792-8500 

> CIRCLE 602 
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NO OTHER EMULATOR GIVES YOU 
SUCH AWESOME O40 DEBUGGING 
POWER FOR ONLY $19,950" 











Our new, fully equipped CodeICE 040 40 MHz emulator protects you from nasty bugs and high lator prices. 


We've created the perfect 40 MHz debugging machine for Motorola's 68040 
microprocessor. Our new Code!ICE 040 was created specifically for this 
processor. Io give you all the power you need to pursue bugs relentlessly, from 
design stage through hardware and software integration to production support. 
ihios ae 2@ Real-time debugging at up to 40 MHz % Emulates the 040, and EC and LC 
040 is thefirst in Versions ® New MWX-ICE multiwindowed debugger supports Sun 4 and PC 
our new line of — \Windows™ #® Supports the most popular tool chains (MRI, GNU and Intermetrics) 
specialized emulators. 
¢@ Runs concurrently with RTOS monitors 
e@ Provides performance analysis 7® 1 to 4 Meg overlay 8K 
or 32K trace *® New multithread event system detects relational 
events @ Fully isolated probe tip helps detect design problems 
¢@ Diagnostic scope loops * Built-in Ethernet support ¢® High- 
speed parallel support for PCs ¢® Call today for 





more information. Then get ready to unleash 


an awesome force on 040 bugs. Ii Applied Microsystems Corporation 





For Your Free Information Disk and Poster, call 1- 800- 426-3925. 


© 1994 Applied Microsystems Corp. READER SERVICE 86 
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Tune in Saturday, July 23rd, at 4:00 pm on CNBC 


to discover how to improve your business... whether across the office, 
across a network or around the world. 













Products and technical expertise provided by the following companies: 
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: upper left connections box or using the Add button. a , 2 
— packages for complete information 


Since 1968, ICOT has been delivering management solutions. For more 
innovative connectivity solutions. 


For more information, call 800-SNA-3270. 





information, call 800-663-0544. Hitachi SuperScan Elite™ 17 and 
SuperScan Elite™ 21 from 
NSA Hitachi. SuperScan®- 


an advantage you can clearly see. 


For more information, call 800-441-4832. 















iotrix™ Pro, an affordable multisensory a iy 
|. Protect your sensitive electronie 
experience for your computer. 


: equipment with Liebert®. 
Uninterruptible Power Supply 
products. Call 800-877-9 
FREE White Paper 
“The ABC’s of 


tak 5000™, an eight-pc 
thernet switch. _ 


i 


For a tape of this show, send $12.95 + $3.00 P&H or, fo a e | rr 3s ‘ enc $e9 96 P&H 
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‘VW SERVERS FEATURE 
PowerPC CPUs 
Two servers, each running with an 
80-MHz PowerPC 601 microproces- 
sor, will join the Workgroup Server 
family—the 8150 at the mid-range 
and the 9150 at the high end. A third 
unit, the 6150, employs a 60-MHz 601 
processor. The 8150 possesses three 
NuBus expansion slots, a 1-Gbyte 
hard-disk drive, a digital-audio tape 
drive, and support for up to eight 
SCSI devices. The 9150 offers four 
NuBus slots, two 1- or 2-Gbyte disk 
drives, a DAT drive, a double-speed 
CD-ROM drive, and support for up to 


14 SCSI peripherals. Both units fea- 
ture 16 to 264 Mbytes of DRAM, 
built-in Ethernet and LocalTalk ca- 
pabilities, support for AppleTalk net- 
working protocols, and optional To- 
ken Ring support. The System 7 op- 
erating system is bundled with the 
servers, as well as AppleShare 4.0.2 
file and print server software. The 
6150 sells for $4219, the 8150 costs 
$7459 ($8499 with AppleShare), and 
the 9150 is priced at $9229 ($10,269 
with AppleShare). 

Apple Computer Inc. 

20525 Mariani Ave. 

Cupertino, CA 95014 

(408) 996-1010 

> CIRCLE 610 


VW MULTIBUS Ii BOARD HAS 
EIGHT COMM CHANNELS 

Four SAB82525 controllers provide 

eight communication channels to the 
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layer 2 protocol functions indepen- 
dently from the on-board 486 micro- 
processor. CPU speeds range from 
338 to 100 MHz. In addition, time-slot 
assigning is possible, which makes 
the board suitable for packet-switch- 
ing applications. The board’s line 
drivers and receivers are located ona 
removable interface module that al- 
lows all eight channels to be ac- 
cessed from the P2 connector. Up to 
32 Mbytes of DRAM fit on the board, 
as well as 2 Mbytes of EPROM or 1 
Mbyte of flash memory. The HC 486/ 
Lxx supports the iRMX real-time op- 
erating system. 

Concurrent Technologies Inc. 

701 Devonshire Dr. 

Champaign, IL 61820 

(217) 856-7004 

> CIRCLE 611 


v CACHE MODULES WORK 
WITH PCI CHIP SET 

Systems that employ a 486 CPU and 

the Intel 82420EX PClIset core-logic 

chip set can take advantage of a pair 


of secondary cache modules. The 


IDT7MP6183/84 are configured as 
128- and 256-kbyte caches that inte- 
grate data SRAMs, a cache tag, a 
buffer, and glue logic onto a 112-pin 
card-edge module. This module, 


IDT7MP6183/84 
Secondary Cache Modules 
for Intel 82420EX PCiset 





which offers a 15- or 20-ns access 
time, takes up just 1 in.’ of board 
space. Because of the small size, de- 
signers can opt to either include ex- 
tra functionality that wouldn’t have 
fit on board or they can reduce the 
board’s overall size for a cost sav- 
ings. In lots of 1000, the 128-kbyte 
61838 costs $33.10 and the 256-kbyte 
6184 is priced at $48.60. Both are 
available now. 


The Best 
the Worst 


TO ANY EXTREME. 


Octagon’s Micro PC® line is 
specifically engineered to operate in 
a Wide range of temperatures, from 
—40° to 85° C, Wo 5 
giving you uncom- MICK Cm 
promised reliability. Our line, 
including I/O cards and card cages 
is perfect for small spaces where 
rugged packaging is critical. 


NEW Low Cost 4010 Single Board Computer 
¢ Small — 4.5 inches x 4.9 inches 

¢ Fast — 80386SX, 25 MHz processor 

e Easy — “Instant DOS 5.0” operation 

¢ Nonvolatile storage — 2 solid-state disks 

¢ Low power consumption — 5V operation 

¢ High reliability — MTBF 92,000 hours 

e Rugged — Withstands shock and vibration 

¢ Low Cost — Under $300 in OEM quantities 

¢ Other features — Flash programmer, 2 MB DRAM, 


COM1 and COM2 serial ports, LPT1 parallel port, 
dual floppy disk port, hard drive port, keyboard/ 
speaker ports, 8/16 bit PC/104 connector, 
calender/clock, watchdog timer. 


CERTIFIED FOR QUALITY. 


We're proud to announce that 
Octagon is the first embedded PC 


computer manufacturer in juss 


& 


the world to achieve ISO | 
9001 certification. Our / 
quality is reflected in 
our three year warranty. 

To get our Micro PC cata- 
log, fax this ad with your name and 
address to 303-426-8126. Or call 
303-430-1500 to speak directly to 
an applications engineer. 


Integrated Device Technology O OCTAGON SYSTEMS? 








HC 486/Lxx Multibus II communica- 2975 Stender Way | 

tion board. Each channel has full-du- Santa Clara, CA 95054 SSH. W. ASL BUEOUG, 1 WRGINIINEL, SOC RAU Ares 
plex DMA control. The controller’s (800) 845-7015 READER SERVICE 136 “Call me, I’m interested.” 
microcode can handle a large set of > CIRCLE 612 READER SERVICE 137 “Please send literature.” 
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Vv DISK DRIVES EMPLOY 
FAST ATA INTERFACE 

Capacities of 1.08 Gbytes and 722 
Mbytes are combined with a Fast 
ATA interface and a 256-kbyte cache- 
memory buffer in the Medalist 1080 
and 720 hard-disk drives. The low- 
profile (1 in. high) 3.5-in. form-factor 
drives feature an average access 
time of 12 ms and a minimum sus- 
tained data-transfer rate of 2.5 
Mbytes/s, with a maximum internal 
data rate of 6 Mbytes/s. The disk 
spins at 4500 rpm. The drives incor- 
porate power-management modes to 
reduce the power consumption down 
to just 1 W in the standby mode. The 
operating shock is 2 Gs and the non- 
operating shock is 75 Gs. The MTBF 
stands at 300,000 power-on hours. 
Available now, the Medalist 1080 
sells for $695 and the 720 is priced at 
$545. 

Seagate Technology Inc. 

920 Disc Dr. 

Scotts Valley, CA 95066 

(408) 438-6550 

> CIRCLE 613 





Introducing CheckMate II" 


Runs Your Target Fast, 
So You Make Your 
Market Window First. 


At 25 MHz, the CheckMate II™ emulator 
is the fastest full-featured system for the 
80C186 and 80C188 families. With all the 
features ever wanted in an emulator, it fits 
between two fingers. And at $7,000, each 
design team member can have one - elimin- 
ating the emulator as the lab bottleneck. 


Whether using Paradigm/DEBUG™ or reducing download time to seconds, the 
CheckMate II™ emulator is the most efficient. Plus, CheckMate Systems™ offers 
superior customer support. Be first to your market window. Call us at 
206-869-7211 or fax your business card to 206-861-3647. 


| CheckMate Systems” 


CheckMate Systems, P.O. Box 3361, 8581 154th Ave. N.E.,Redmond, Washington 98052 
Europe: UK 44-0272-860400 Germany 49-08131-25083 France (33)1-3054-2222 
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Vv PORTABLE WORKSTATION 


ADDS 1-GBYTE DISK 


The SparcBook 2 workstation-class 
notebook computer now contains 
two internal 520-Mbyte hard-disk 
drives. The SCSI-based drives give 
users the storage space needed for 
applications dealing with finance, 
manufacturing, CAD, CAE, and the 
military. Other features of the 
SparcBook 2 include a 40-MHz Spare 
processor, up to 64 Mbytes of 
DRAM, a 64-kbyte cache, and an 8- 
bit color TFT display. A magnesium- 
alloy case adds protection and in- 
creases the system’s heat dissipation 
while reducing its weight. The sys- 
tem runs a version of Unix that’s 
been altered for portability. It also 
runs the Solaris operating system. 
The SparcBook 2 sells for $14,500. 
Current users can upgrade to the 1- 
Gbyte model for $3000. 

Tadpole Technology Inc. 

12012 Technology Blvd. 

Austin, TX 78727 

(512) 219-2200 

> CIRCLE 614 








‘VW MULTIPROCESSOR VME 
BOARD ADDS QUICKRING 
The SuperCard-4SLX multiproces- 
sor VME board employs QuickRing 
controllers to supply an aggregate 
bandwidth that scales up to 1.2 
Gbytes/s. The 640-MFLOPS board is 
built with a high-performance inter- 
connect that houses the controllers. 
As a result, developers of real-time 
multiprocessing systems can add 
connectivity among embedded pro- 
cessors, memory, and I/O devices 
with a higher bandwidth and concur- 
rent communications. Up to eight 
i860 microprocessors, arranged in 
four processing elements, fit into the 
SuperCard’s 6U form factor. Devel- 
opment tools for Ada and C include a 
graphical multiprocessing debug- 
ger. Available now, the multiproces- 
sor card starts at $29,000. 

CSPI 

40 Linnell Circle 
Billerica, MA 01821 
(800) 325-3110 

or (617) 272-6020 

> CIRCLE 615 





We Also Support 
The Intel® 80C 196 Family 
and The NEC* V25, 
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The World's Largest Embedded Systems Conference Just Got Larger 





TT: EMBEDDED SYSTEMS CONFERENCE 

has always been the place developers go for total embedded 
solutions -- whether its improving design, writing more efficient 
code or devising more effective project management strategies. 





For 1994, the Embedded Systems Conference has been expanded also 
to cater to the specialized needs of single board computer developers. 
Our technical program will now offer not only programming tips, but 
even more hardware-related workshops, lectures, and tutorials on 
topics like these: 


e Control and DSP applications e High-performance and 
multi-processor applications e Fuzzy logic e Bus 
interfacing issues e And more! 








Mi New techniques to help you write tighter code and get your projects 
out the door 

@ Programming tips for writing faster code 

M@ Faster debugging through reusability 

lM Resolutions to systems integrations issues 

Mi Maximizing your use of hardware platforms 

@ Tailoring software for specific hardware platforms 





See the largest dedicated exhibition of embedded development tools 
and utilities and meet face-to-face with representatives from more than 
150 leading companies. The comprehensive exhibit floor will feature: 


@ single board computers @ single chip @ development tools 

@ real-time operating systems @ logic analyzers @ simulators 
compilers/cross compilers @ in-circuit emulators @ micro- 
orocessors/microcontrollers e debugging tools @ cross assemblers 
@ and more.... 


Send me the details on the 





Embedded Systems Conference! 


imint FAX (415) 905-2220 

3 
September 20-23, 1994 PHONE (415) 905-2354 
Santa Clara Convention Center @ Santa Clara, CA 





I'm interested in: O Attending ©) Exhibiting 

Name Title 

Company 

Address 

City State/Province Zip Code 
Phone Fax ED4pP 
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Typical spatial scan at 





yo) (stoq (cle Migsrele(slaen em 
s{-com—mal(elaM=latl ts) (eae 
blue = low emissions. 


Spectral scan identifies 


key frequencies for 
further study. 


Catch emissions problems at 
board level, where compliance 


fixes are least costly. 


ow you can quickly get a color 

image of the electromagnetic 
performance of your printed-circuit 
board or subassembly before final 
compliance testing. Spatial and 
spectral displays generated by the 
EMSCAN PCB emissions scanner 
show you which frequencies and 
which areas of the board under test 
are guilty. These scans are stored 
for later comparison after design 
alterations, to check whether offend- 
ing emissions are now down to 
acceptable levels. 

Just plug your receiver or spec- 
trum analyzer, and your computer 
with IEEE-488 interface, into the 
EMSCAN scanner, and a matrix of 
1280 H-field probes maps the area 
of your test board (up to 9" x 12") for 
high, medium, and low-emissions 
spots within the 10-to-750-MHz 
frequency range. Or you can see a 
spectral display showing the overall 
condition of the board across the 
spectrum. You may then choose a 


frequency of particular interest for 
intensive spatial examination. 

After the development stage, 
you can use EMSCAN as a quality- 
control tool, checking completed 
boards against a “good” scan before 
they go into assembly. This is the 
point where production compliance 
becomes virtually assured. 

The software operates under 
“Windows” to make early diagnosis 
easy, even for those who are new to 
compliance testing. It can run on 
several PCs and workstations, and 
is readily ported to other environ- 
ments for analysis. 

You should learn all about this 
qualitative and quantitative measure 
of emissions for use during product 
development—where design correc- 
tions are least costly. To start, call 
toll-free (1-800-933-8181) to speak 
with an applications engineer and 
arrange to see a demonstration in 
your office or plant. 


160 School House Road 
Souderton, PA 18964-9990 USA 
215-723-8181 ¢ Fax 215-723-5688 


For engineering assistance, sales, and service throughout Europe, call 
EMV ® Munich, 89-612-8054 ¢ London, 908-566-556 ¢ Paris, 1-64-61-63-29 
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VW BROADCAST FAX BOARD 
OFFERS EASY INTEGRATION 

Easy integration of LAN fax capabil- 

ities is a key feature of the CP4/LSI 





board, which facilitates the develop- 
ment of computer-based fax broad- 
cast systems. The board permits di- 
rect board-to-phone line connectivity 
using four built-in loop-start inter- 
faces. With the board’s programma- 





bility, users can upgrade and scale 
their systems as their needs change. 
Other features include a 14.4-kbit/s 
transmit and receive rate and modi- 
fied-read data compression. The 
CP4/LSI sells for $2995. 

GammaLink Ine. 

1314 Chesapeake Terr. 

Sunnyvale, CA 94089 

(408) 744-1400 

> CIRCLE 616 


v CAMERA COMPONENTS HELP 
INTEGRATE DIGITAL VIDEO 


OEM developers looking to inte- 
grate video technology into their 
products will benefit from a series of 
products, including two camera com- 
ponents and three developer kits. 
The CDMC-270D8-1 is a one-piece 
board-level color digital video-cam- 
era module; the 270D8-2 is similar, 
but comes in two pieces. The three 
kits, called the CAMKIT I, II, and 
III, each are available with either 
camera. The CAMKIT I lets engi- 
neers create advanced demonstra- 
tions and products without the asso- 
ciated host-based analog-to-digital 
conversion. The CAMKIT II offers 
an easy way to connect the camera to 
a PC-based host by capturing images 
as digital data. The CAMKIT III 
comes with an output for S-Video 
that links with VCRs and an output 
for RGB that interfaces with most 
color monitors. The camera sells for 
$495 each, while the CAMKITs J, II, 
and III sell for $895, $1295, and 
$1995, respectively. 

Teleview Research Inc. 

4005 Miranda Ave., Suite 150 

Palo Alto, CA 94304 

(415) 855-0900 

> CIRCLE 617 
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IF IT SHAKES 


RATTLES OR ROLLS 


WHY STOP IT? COMPRESSES CLIP-ON TO SURFACE MOUNT 
Embedded systems don’t just sit TR ANSFERS Orion’s 8800 1s the only emulator that 
there—they do something, And when provides Clip-On Emulation”. This patent- 
ly - ASU RES pending probing technique allows you to clip- 
PL ACE % on to the growing number of designs using surface 
That shy Orion's model 8800 provides non-stop nou Pere And Ei oe a Orion’s 
analysis. With the 8800 you can set, reset, and refine § HIFTS Ap: END esha LER SPE OE 


7 | PRINTS emulation modes, 
memes = (rigvers and view 


multe real-time ~~ [ROWS —acceterate your evELoPMENT 
my traces on-the-tly, GRINDS 
SWAPS your projects moving in the right direction. So if you want to get 


affecting your target PLA there faster, call right away. 
No breakpoints, no hidden wait states. Just true target system LIFTS 














you're debugging them, often the last thing 


you want to do 1s stop the action. 





Orion’s proven real-time development tools keep both you and 






| without stopping or 





SPLITS 800-729-7700 


timing and behavior. So you can find out what’s really going on BAKES 
CUTS 


Of course, when you do want to stop the 
action, the 8800 delivers with precise 


68307 G8306 68302 
GBECOOO G8HCt 
BOCISGKB/KE/KD/KR/KQ/NT/NP 

MG19610/11/12/14/20 


1182 7181 7180 780 2846ts 


hardware and software breakpoints. 
Together with your choice of popular 
source-level debug environments, you get 
the control and visibility you're looking 
for. 











READER SERVICE 118 


Twice the performance for the 
same price. I’m telling you Uh, 
this board 1s hot. 


O1994 FORCE COMPUTERS Inc., 2001 Logic Drive, San Jose, CA 95124 


Prot.-Messerschnutt- Str. 1, 85579 Neubiberg’ Mtinchen. All brands or products are trademarks of their respective holders 
: | 


Nick loves our new VME board 
because it has more than twice 
the performance of boards that 
cost just as much. Whereas Uli, 


being the more levelheaded of 


the two, appreciates its low price. 


But then Nick treasures our con- 
nection to SUN” technology. 
Because deep down he knows 


that’s how we got to market 


9 months before anyone else. So 
engineers-—like you, for exam- 

ple—could actually use the new 
microSPARC”™ II technology 

today. Rather than waiting the 
usual year. And remember Uli-— 
the levelheaded one? Well he also 
really loves how compatible our 
CPU-5CE is with Solaris® and 
VxWorks.” And how easy it is to 


upgrade. But just so you don’t 
think Nick impetuous, you should 
know that, in the end, he chose 
FORCE because we had the best 
technical support in the industry. 
And you know it’s funny, but as 
different as Uli and Nick are, 
they both really like being able 
to call 1-800-FORCE-99 for 


more information. 
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I’m inclined to agree with 
you, Nick. It’s perfect for 
embedded applications. 
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~W PC-COMPATIBLE VME BOARD 


CONTAINS DX4 PROCESSOR 


The Intel DX4 family of micropro- 


cessors has made its way into the em- 
bedded environment on the EPC-5 
board. The 100-MHz VMEbus board, 
which employs a 83-MHz system 
bus, can be configured with 4 to 32 
Mbytes of memory. For expansion, 
the board employs a local I/O bus 
based on the EXM Interface Defini- 
tion, which is ISA bus-compatible. It 
holds up to six boards that can be ac- 
cessed by the VMEbus. This PC-com- 
patible configuration frees the 
VMEbus for high-speed communica- 
tions. The EPC-1 sells for $4960 with 
4 Mbytes of RAM. Large-quantity 
discounts apply. Lower speed boards 
also are available. 

Radisys Corp. 

15025 SW Koll Pkwy. 

Beaverton, OR 97006 

(503) 646-1800 

> CIRCLE 618 


Vv SYSTEM BOARD HOLDS 
MULTIPLE PENTIUMS 

Multiple Pentium processors can sit 
on the smp XM board, all running 
SCO Unix. Up to six Pentiums fit on 
the board, as well as 256 Mbytes of 
error-correcting memory and 1 
Mbyte of write-back cache for each 
processor. The board is based on a 
proprietary bus, called the Extended 
C-bus. Other operating systems are 
supported as well, including Win- 
dows NT, OS/2, Solaris, and Novell’s 
USL SVR4.2 MP and Netware SFT 
III. The basic smp XM system, which 
consists of a 13-slot EISA backplane, 
sells for under $10,000. Users need 
only adda chassis, power supply, and 
peripherals. 

Corollary Inc. 

2802 Kelvin 

Irvine, CA 92714 

(714) 250-4040 

> CIRCLE 619 


Vv PCMCIA CARD SUITS 
RUGGED APPLICATIONS 

The Guardian Card is a rugged, in- 
dustrialized PCMCIA flash-memory 
card that remains fully operational 
after immersion in water or hydrau- 
lic fluid, and also operates over a 
wide temperature range of —25° to 
+75°C. The hermetically-sealed card, 
which stores from 1.8 to 40 Mbytes of 
data, can handle 1000 Gs of operat- 





SYSTEM DESIGN PRODUCTS 


ing shock. In its sleep mode, the card 
requires less than 1 mA. The Type II 
card is suited for military, commer- 
cial, and industrial applications. 

Raymond Engineering Inc. 

217 Smith St. 

Middletown, CT 06457 

(203) 682-4334 

> CIRCLE 620 


vW 14-IN. COLOR DISPLAY 
HIGHLIGHTS SYSTEM 

The Embedded Control Interface 
(ECI) series of systems and flat-pan- 
el displays includes a 14-in. active- 
matrix color panel. In a package 
that’s barely 2 in. deep, the systems 
are built with 486 processors, a PC/ 
104 expansion bus, built-in network 
capabilities, and fully boot able disk- 
less operation. The systems are de- 
signed to mount into OEM cabinets, 
rack-mount fixtures, and remote en- 
closures. A slotted mounting frame 
adjusts to accommodate various 
front bezel locations. The ECI sys- 
tems also hold up to 32 Mbytes of 
DRAM and 2 Mbytes of flash ROM. 
Monochrome units start at $4100, 
while the ECI systems with color 
start at $4995. 

Dolch Computer Systems 

372 Turquoise St. 

Milpitas, CA 95035 

(408) 957-6575 

> CIRCLE 621 


Vv 6U VME BOARD HOLDS 
85-MHz SPARC CPU 

A single-slot 6U VMEbus board can 
supply the performance of a Sparc- 
Station 10 workstation. The board, 
called the Spare CPU-5CE, is based 
on the microSparc II processor. The 
85-MHz processor integrates the in- 
teger and floating point units with 
the MMU, 16 kbytes of instruction 
cache, 8 kbytes of data cache, memo- 
ry control, and an SBus interface. 
The board supplies 85 MIPS and 34 
MFLOPS. It holds up to 64 Mbytes of 
DRAM and supports two SBus mod- 
ules. Support is included for the So- 
laris 1.1 and 2.3 operating systems as 
well as the VxWorks real-time oper- 
ating system. A 16-Mbyte board sells 
for $4995 in single quantities. 

Force Computers Inc. 

2001 Logic Dr. 

San Jose, CA 95124 

(408) 371-5900 

> CIRCLE 622 










































1 
GIGABYTE 
MEMORY MODULE 
VME/VSB/VME 






CI-VME30 


* Upto80Mbytes/Sec Transfer Rateon VME64 
* Upto40Mbytes/Sec Transfer Rateon VME/VSB 
* Fully Supports IEEE 1014 Rev.D & VSB Rev.C 
32MB, 64MB, 128MB, 256MB, 512MB, & 1GB 
Block Cycletimes of 93ns 

Single Cycle times of 195ns 

Field Upgrade Options, 256 to512MB, or 1GB 
Data Manipulation Functionsin ALU Cycles 
Access Times of 30ns Write/Read in Block Cycle 
Dual-Ported VME/VSB & VME64 in one6U slot 
LIFETIME WARRANTY 


The CI-VME80 is the ultimate memory 
board for VMEbus systems! Chrislin 
has designed the CI-VME80 with an 
onboard ALU to provide enhanced func- 
tionality for custom users. Available 
through AM codes are 64 bit arithmetic 
and logical functions(ADD, SUB, AND, 
OR, XOR) that will greatly enhance 
throughput in many applications. Simply 
write data to the location to be modified 
with the proper AM Code and the function 
is performed during the write cycle. 
Chrislin Also Provides The Following 
VMEbus Memory Boards 
CI-VME40 
4MB, 8MB, 16MB, 32MB & 64MB 
Block Cycle times of 84ns 
Single Cycle times of 195ns 
Block Cycle Access Time of 30ns 
Dual-Ported VME/VSB in one 6U slot 
CI-SRAM 
Non-Volatile High Speed VME Memory 
4MB or 16MB Static RAM 
16MB EPROM 


Two Selectable Write Protect Banks 
32 Bit BLT Transfer, 40MB Per Second 


CI-VSB-EDC 
Error Detection and Correction 
Single-bit Correction, Double-bit Detection 
Dual-Ported VME/VSB in one 6U slot 
4MB, 8MB, & 16MB 
VME & VSB configured independently 


Call 1-800-468-0736 


Chrislin Industries, Inc. 
31312 Via Colinas 
Westlake Village, CA 91362 USA 
TEL:(818)991-2254 FAX:(818)991-3490 


A Providing Top Quality 
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Memory For Two Decades! 





READER SERVICE 89 








VTi Las) oX=x=e Mm el WA=)| 
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ASPI provides everything you need to 
launch products using Digital Signal 
Processing technology. For speed, 
power and accessories, look to the Elf 
DSP Platform and Application Toolkits 
from Atlanta Signal Processors. 


Lik 2 6 
9s zaeb 42 
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Platform: Designed for AT- 
compatible computers, the Elf DSP 
Platform includes a Texas Instruments 
TM320C31 floating-point DSP, a stereo 
high-quality 16-bit A-D/D-A converter, 
and a telephone line interface (DAA). 
All for a remarkably low price! 

Algorithms: ASPI offers the most 
complete library of DSP algorithms 
available anywhere. It includes MPEG 
audio, state-of-the-art soeech coders 
and many industry-standard tech- 
niques for music and telephony. 

Software: The Toolkit’s DSP 
Operating System and host interface 
software allow easy integration into 
host applications. The development 
environment features a Loader, an 


Atlanta Signal Processors, Inc., 1375 Peachtree Street NE, Suite 690, Atlanta, GA 30309 
Telephone 404/892-7265 FAX 404/892-2512 
Germany: MEDAV, phone (09131) 583-0 Japan: Kobe Steel, phone 3 (5634) 5426 
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Assembler, a C Compiler, and a C 
Source Debugger. Together, these 
tools enable software developers and 
OEMs to develop a single program- 
mable hardware product that offers 
powerful capabilities. 

If you are considering DSP for 
your applications, the Elf Application 
Toolkit is now available. The Evalu- 
ation Toolkit includes the Elf DSP 
Platform and demos of many DSP 
algorithms, including those found 
in the Developer’s Toolkit. Contact 
Atlanta Signal Processors, Inc. today 
for complete details. 


PRODUCT INNOVATION 


VME BOARDS COMBINE PCI 
BUS AND POWERPC CPUS 


THE MODULARITY OF SINGLE-BOARD COMPUTERS 
LETS USERS SWAP CPUS, MEMoRY, AND 
I/O TOSUIT THE APPLICATION. 


RICHARD NASS he Peripheral Component Interconnect (PCI) bus has made 
great strides in easing system-level data-transfer bottlenecks. 
Moreover, the PCI local bus has been instrumental in the move- 
ment of data between memory and peripheral controllers. Now 
that capability is being added to powerful board-level comput- 
ers, thanks to a pair of VMEbus boards introduced by Mo- 
torola’s Computer Group. The boards are based on the Pow- 
erPC microprocessor family (this comes on the heels of Motorola’s unveiling of 
a VMEbus board based on the company’s 68060 microprocessor). The two new 
boards are the MVME1603 and MVME1604, built with the PowerPC 603 and 
604 processors, respectively. Their mezzanine architecture is based on the 
standard PCI local bus. 

The primary targets for the modular family are embedded monitoring and 
control applications. The MV ME1603 is aimed at mid-range applications, deliv- 
ering performance ratings of 55 SPECint92 and 70 SPECfp92. The 
MVME1604, which is geared toward higher-end applications, pushes those 
numbers to 140 SPECint92 and 145 SPECfp92. 

Customization is possible due to the PCI connection’s modularity. In addition, 





O 





memory module (with 8 to 64 Mbytes of DRAM) and a PCI mezzanine card. Then, either a PowerPC 603 or 604 CPU card, which also holds 8 to 64 
Mbytes of DRAM, is plugged in. Even with the modules, the board still fits a one-slot VME form factor. 
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e 1. THE TWO MVME160X BOARDS employ a similar baseboard. Users can add a number of devices to the baseboard, such as a 








PCI 
expansion 


ss 
POWER PC-PCI VME SBC 


MPC104 


SCSI 
(OL-ISP1020) 








Se 


ease 


ISA bridge 


Ethernet 
(Am79C970) 


2. THE PCI BUS CONNECTS TO THE PROCESSOR through a bridge chip (the MPC104). The interface options, including 
the VME, SCSI, Ethernet, and VGA, all hang off the PCI bus. 


the CPUs and memory plug into a 
similar base board, letting users 
choose the desired options and per- 
formance level (Fig. 1). The PCI bus 
actually connects to the processor 
through a bridge chip, the MPC104. 

Both microprocessors are built with 
an advanced 3.3-V CMOS process. 
The PowerPC 603 32-bit superscalar 
RISC processor can execute up to 
three instructions per clock cycle. And 
although those instructions can exe- 
cute out of sequence, the chip makes 
the completion appear sequential. The 
part, which runs at 66 MHz, consists 
of five integrated components in addi- 
tion to the dual 8-kbyte caches: an 
integer unit, a floating-point unit, a 
branch-processing unit, a load and 
store unit, and a system register unit. 

The MV ME603 board is built with 
a selectable 32- or 64-bit data bus 
and a 32-bit address bus. Its inter- 
face protocol allows multiple mas- 
ters to compete for system re- 
sources through a central arbiter. A 
three-state coherency protocol sup- 
ports the exclusive, modified, and in- 
valid cache states. 

The PowerPC 604 microprocessor 
is similar to the PowerPC 603, yet its 
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clock rate is 100 MHz and it can proc- 
ess four instructions simultaneously. 
AS many as six instructions can finish 
execution in parallel. In addition, it 
has three integer units—two single 
cycles and one multiple cycle. 

Both CPUs contain a low-power 
mode where all internal processing 
and bus operation is suspended and 
the internal clocks are powered down. 
All that remains active is a decremen- 
ter and time-base and interrupt logic. 
Any asynchronous interrupt can 
wake the CPU. 

The 604 contains two 16-kbyte 
cache memories. It also incorporates 
multiprocessor support, such as sup- 
port for bus snooping, data-cache co- 
herency, and a high-speed secondary- 
cache memory. 


PCI To PMC 


The mezzanine employed on the 
boards is called a PCI Mezzanine Card 
(PMC) connection. It’s actually a sub- 
set of the PCI specification, offering a 
lower profile than the standard PCI 
modules. 

The PCI bus is used as a local con- 
nection between the processor-mem- 
ory array and the system peripheral 
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controllers (Fig. 2). The PMC is de- 
fined under the IEEE’s P1386.1 speci- 
fication. 

The scope of the IEEE P1886.1 
specification is to define a family of 
cards for VMEbus, Futurebus+, and 
other high-end systems. But the 4.2- 
by-12.3-in. board defined by the popu- 
lar PCI specification (which plugs into 
the baseboard in a perpendicular fash- 
ion) wouldn’t fit the form factor of a 
single-slot VMEbus board. Hence, the 
PMC specification evolved, using 
electrical and logical layers that are 
similar to PCI (though there are 
physical differences). 

A VME board that contains a PMC 
module still fits the VME form factor 
in one slot. The PMC’s high bandwidth 
can transfer 1382 Mbytes/s in a 32-bit 
mode and 264 Mbytes/s using 64 bits. 
On the MVME160X family, the mod- 
ule can connect either through the 
baseboard’s front panel or the P2 con-. 
nector. According to Motorola, the 
available modules will include support 
for graphics, the Fiber Distributed 
Data Interface (F DDI), asynchronous 
transfer-mode (ATM) communica- 
tions, and other high-performance I/O 
peripherals. | 
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A picture is worth a thousand points 


in a time interval measurement. 
I ee 


$R620 Output 






The SR620 brings graphic statistical analysis 
to time interval and frequency measurements. 
The SR620 shows you more than just the mean 
and standard deviation - multimode frequency 
distributions or systematic drift for example. 
Histograms or time variation plots are displayed 
on any X-Y oscilloscope, complete with 
Autoscale, Zoom, and Cursor functions. 
Hardcopy to plotters or printers is as easy as 
pushing a button. 











Of course, the SR620 does everything else you'd 
expect from a high resolution universal counter, 
such as frequency, period, time interval, pulse 
width, rise / falltime, and phase measurements. 
The SR620 offers 25 ps single-shot time and 11 
digit frequency resolution and complete statistical 
analysis, all for a fraction of the cost of comparable 
instruments. 


For the whole picture, call SRS and ask about the 
SR620. 


$R620 $4500 


¢ 4 ps single shot least significant digit 

¢ 25 ps rms single shot resolution 

¢ 1.3 GHz maximum frequency 

¢ 10° Hz frequency resolution 

¢ Sample size from 1 to 1 million 

¢ Frequency, period, time interval, phase, 
pulse width, rise and fall time 

e Statistics - mean, standard deviation, 
min max, and Allan variance 

¢ Analyzer display on any X-Y oscilloscope 

¢ Hardcopy to printer or plotter 

¢ GPIB and RS232 interfaces 

¢ Optional oven timebase 





STANFORD RESEARCH SYSTEMS 


'290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408) 744-9040 FAX 4087449049 
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Drives for 28-voit and 270-volt motors 
Output currents from 5 amps to 50 amps 


Drives for brush motors and 3-phase 
brushless motors 


“55°C to +125°C operating temperature 
Internal high side power supply 


Operates in either trapezoidal or sinusoidal 
systems 


883B processing available 


For more information call Mike Pitka at (516) 567-5600 extension 7420. 


a 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation 
105 Wilbur Place, Bohemia, N.Y. 11716-2482,(516) 567-5600, FAX: (516) 567-7358, (516) 563-4331 
Toll Free Outside NY 1-800-DDC-1772, Canada 1-800-245-3413 
WEST COAST (CA): GARDEN GROVE, (714) 895-9777, FAX: (714) 895-4988 
WASHINGTON, D.C. AREA: STERLING, VA, (703) 450-7900, FAX: (703) 450-6610 
NORTHERN NEW JERSEY: TOTOWA, (201) 785-1734, FAX: (201) 785-4132 
U. K.: 44 (635) 40158, FAX: 44 (635) 32264; IRELAND: 353 (21) 341065, FAX: 353 (21) 341568 
FRANCE: 33 (1) 4333-5888, FAX: 33 (1) 4334-9762; GERMANY: 49 (8191) 3105, FAX: 49 (8191) 47433 
SWEDEN: 46 (8) 920635, FAX: 46 (8) 353181; JAPAN: (33) 814-7688, FAX: (33) 814-7689 
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oe 
POWER PC-PCI VME SBC 


The VMEbus baseboards can han- 
dle from 8 to 64 Mbytes of DRAM. 
Expansion modules are available so 
that users can upgrade to 128 Mbytes 
without taking another slot. 

VME interface functionality is sup- 
plied by the VMEchip2 ASIC. In ad- 
dition to controlling the board’s VME- 
bus functions, the chip includes a local- 
bus-to-VMEbus DMA controller, and 
a global control and status register for 
interprocessor communications. 


ADDITIONAL I/Os 

Apart from the 33-MHz PMC con- 
nection, peripheral I/O connections 
are located on the front panel and the 
P2 connector. The 16-bit fast and wide 
SCSI-2, Super VGA graphics, mouse, 
and keyboard connections are on the 
front panel. Serial, parallel, and Eth- 
ernet connections reside on the P2 
connector and require a transition 
module to interface with standard 
connectors. Support for a VME64 in- 
terface also improves performance. 

Both the MVME1603 and 
MV ME1604 boards are available with 
many development tools. Develop- 
ment software for the MVME160X 
family incorporates on-board debug- 
ger and monitor firmware, as well as 
driver packages for the VME environ- 
ment. Object and source code is avail- 
able for application development. 

Several real-time operating sys- 
tems and kernels, in addition to 
Motorola’s VMEexec operating 
system, are included to support the 
boards. Among the systems are the 
LynxOS from Lynx Real-Time Sys- 
tems, the OS-9 from Microware 
Systems, pSOS+ from Integrated 
Systems, VRTX from Microtec Re- 
search, and VxWorks from Wind 
River Systems. 0 


PRICE AND AVAILABILITY 

The MVM E1603, based on a 66-MHz Pow- 
erPC 603 microprocessor, costs $3575 and 
will be available in September. The 
MVME1604, which holds a PowerPC 604 
CPU, will be available in November for 
$4575. Hach board has 8 Mbytes of DRAM. 

Motorola Computer Group, 2900 South 
Diablo Way, Tempe, AZ 85282; (800) 759- 
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e Local bus SVGA with flat panel/CRT support 


resenting the power- 


ful, new VIPer803 sin- 


gle board computer 
from Teknor. V/Per, an 
acronym for Very Integrated 
Processor, means you get 
more features on our half- 
size, PC/AT form factor than 
any other ISA single board 
computer - regardless of size. 


The VIPer803 offers unpar- 
alleled board integration. It 
comes complete with hard 
and floppy disk controllers. 


A multiple mode parallel port. 





Two high-performance, FIFO- 


buffered serial ports. BIOS in 
Flash. Local bus SVGA. And a 
PC/104 expansion header. 


Add onboard options like 
Fast SCSI II, bootable Flash 
and SRAM, and you can slide 
the VIPer803 into virtually 
any embedded or passive 
backplane application. 


So whether you’re designing 
portable flat panel display sys- 


tems, the latest in high-speed 
communications equipment 








e 486DX2 @ 66Mhz 


e Fast SCSI li/IDE 
e PC/104 compatible 

e BIOS in Flash 
¢ Flash EPROM and SRAM solid state disks 





or anything in between, you 
need the integration level and 
performance throughput only 


the VIPer803 can provide. 


Get a jump on your compe- 
tition. Call Teknor today at 


1-800-387-4222 for 


your free literature package. 
And get ready to unleash the 
power in your next application. 


TEKNOR 


Innovative... by design. 





In Canada, call: (514) 437-5682 or fax (514) 437-8053 ¢ In Europe, call: +49 8704 8862 or fax +49 8704 8863 


All trademarks are the property of their respective companies. 
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“THE ‘TELEDYNE 
(COMMERCIAL 
CCOENTIGRITY RELAY 


Cost Effective Performance 
with 
Proven Reliability 





/ Vhe commercial 172 relay, with proven reliability. The commercial Centigrid®. 
Centigrid® relay has be- The S172 surface mount ver- _It gives you the benefit of a relay- 
come become a standard where sion brings many of the commer _— with an extaordinary price/perfor- 


price/performance ratios are the _ cial Centigrid® relays features to | mance ratio. For price, delivery, 


critical design criteria. SMT applications and they are and more technical information, 
This hermetically sealed especially user friendly. These call 1-800-284-7007 - or 
relay locks out harsh environ- relays can be provided in tape Fax us at 1-213-779-9161. 


ment, features a low profileand —_ and reel or IC tube carriers for 
tiny footprint for direct PC automated production. 

board plug in. Low intercontact Applications include auto- 
capacitance and low contact cir- matic test equipment, medical 


cuit losses provide excellent RF electronics, test instruments, 





characteristics up through UHF __ telecommunications and auto- 


All this in a low power, DPDT motive circuitry. “4° TELEDYNE RELAYS 


Innovations In Switching Technology 


Home Office: 12525 Daphne Avenue, Hawthorne, CA 90250 © Telephone: 213-777-0077 © Fax: 213-779-9161 
Overseas: GERMANY, (0611) 7636-143; ENGLAND, (081) 571-9596, BELGIUM, (02) 717-52-52; JAPAN, (03) 3797-6956 
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PRODUCT INNOVATION 


EMBEDDED 

i960 CPU 
OFFERS 45 
VAX MIPS 


3.3-V OPERATION, CLOCK- 
DOUBLING TECHNIQUES, 
AND LARGE INTERNAL 
CACHES HIGHLIGHT 
382-BIT RISC CPU CHIP. 











1. COMPARED TO THE previous generation, Intel’s 
latest 32-bit embedded RISC microprocessor, the 80960JF, delivers 
four times the processing power. The clock-doubled 80960JF pumps 
out 45 VAX MIPS. 
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RICHARD NASS 


mbedded RISC microprocessors have re- 
ally hit their stride over the last few 
years, finding their way into applications 
ranging from office-automation devices 
to consumer electronics to automotives. 
One of the leaders of the embedded CPU 
trend is the i960 family hailing from Intel Corp., Santa 
Clara, Calif. 

A new member—the 80960JF—now has joined the fam- 
ily (Fig. 1). With a rating of 45 VAX MIPS, the CPU offers 
a performance level that’s four times better than the pre- 
vious generation, the i960KA. At 5 V, the chip runs at 40 
MHz (a forthcoming version will reach 50 MHz). At 3.3 V, 
it can still run at 33 MHz. 

The 32-bit i960JF is object-code-compatible with other 
members of the family. It also incorporates several new 
features to enhance performance and make it easier to use. 
The CPU chip can sustain execution at one instruction per 
clock cycle. Register and resource scoreboarding permit 
overlapped instruction execution. 

Optimized for C-language operation, the 80960JF (also 
called the i960JF) adds a number of instructions to the 
family’s core, giving the program a simpler and more effi- 
cient flow. The new instructions include conditional move, 
add, subtract, halt, cache control, and interrupt control. 

The processor core employs Intel’s popular clock-dou- 
bling technique. This means the chip runs twice as fast 
internally as it does externally. It contains an independent 
multiply-and-divide unit and an efficient pipeline that 
minimizes latencies. Memory subsystems for cost-sensi- 
tive embedded applications often impose substantial wait- 
state penalties. 

Considerable storage resources are integrated on-chip 
to decouple CPU execution from the external bus. In- 
cluded are 4 kbytes of two-way, set-associative instruction 
cache, 2 kbytes of direct-mapped data cache, and 1 kbyte 
of data RAM for program storage. An eight-set stack- 
frame cache lets the processor rapidly allocate and deallo- 
cate local registers during context switches. 

A 32-bit multiplexed burst bus supplies a high-speed inter- 
face between the system memory and the peripherals. A full 
complement of control signals simplifies the connection be- 
tween the CPU and the external components. 

Users can program the physical as well as the logical 
memory attributes through memory-mapped control regis- 
ters, which lets the processor operate with all combinations 
of bus-width and data-object alignment. In addition, the proc- 
essor supports a homogeneous byte-ordering model. 

The bus-control unit fetches instructions and transfers 
data at up to four 32-bit words per every six clock cycles. The 
external address and data bus is multiplexed. The processor’s 
memory space can be configured for logical characteristics to 
match an application’s requirements. The physical bus width 
can be register-programmed for up to eight regions. Byte 
ordering and data caching are programmed through a group 
of templates and a default register. 

Other features of the bus-control unit include a multi- 
plexed external bus to minimize pin count; 8-, 16-, and 
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Multiply- 
divide unit 
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EMBEDDED RISC CPU 


4-kbyte instruction cache 
Two-way set associative 
(32-bit cache bus) 


Instruction sequencer 
(Constant bus) (Control bus) 


' interface unit 
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unit (32-bit address 
(Address bus) and data bus) 
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Bus-control unit 


Bus-request queues 


Two 32-bit timers 


Programmable 
interrupt controller 


Memory-mapped 
register interface 


1-kbyte data RAM 


2-kbyte direct-mapped 
data cache 


2. A MODULAR CORE highlights the design of the i960JF 32-bit embedded RISC processor. This includes a local register cache, 
instruction and data caches, and data RAM for reduced memory accesses and bus traffic. The CPU also contains an enhanced bus-control unit to 


handle multiple data types. 


32-bit bus widths to simplify I/O 
interfaces; and external ready con- 
trol for address-to-data, data-to- 
data, and data-to-next-address 
wait states. The unit also supports 
big- and little-endian byte order- 
ing to facilitate porting existing 
program code. It can transparently 
perform unaligned bus accesses, 
and features a three-deep load- 
and-store queue to decouple the 
processor’s bus from its core. 


INTEGRATED PERIPHERALS 


Two important peripherals are inte- 
grated onto the chip—a timer unit and 
an interrupt controller. These re- 
sources can be programmed through 
memory-mapped control registers. 
The timer unit contains two inde- 
pendent 32-bit timers that can be used 
as real-time clocks or general-purpose 
system timing. The timers can oper- 
ate in single-shot or auto-reload 
modes and generate interrupts to the 
core. Also, the timers can operate at 
several different clock rates. 

The programmable interrupt con- 
troller offers full programmability of 
up to 248 interrupt sources into 32 
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priority levels through an 8-bit exter- 
nal interrupt port. Alternatively, the 
interrupt inputs can be configured for 
individual edge-triggered or level- 
triggered inputs. 

The controller also accepts inter- 
rupts from the two on-chip timer 
channels and a single non-maskable 
interrupt pin. Interrupts are serviced 
according to their priority levels, rela- 
tive to the current process priority. 
The interrupt mechanism takes ad- 
vantage of a cached priority table, 
dedicated local registers, and cached 
interrupt routines to minimize inter- 
rupt latency. 

A wide variety of tool support is 
available for the chips. This includes 
compilers, real-time kernels, boards, 
emulators, simulators, and logic ana- 
lyzers. In addition, software support 
is included for Unix, DOS, and Win- 
dows hosts. 

Also incorporated into the chip are 
advanced testability features, includ- 
ing chip and system testing, a built-in 
self test, and on-chip break-point ¢a- 
pabilities for software developers. 
The self-test feature checks the basic 
functionality of internal data paths, 
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registers, and memory arrays. The 
hardware breakpoints are tested us- 
ing two instruction and two data-ad- 
dress registers. The registers are 
compatible with standard software 
debuggers. 

Two package options are available for 
the 80960JF RISC processor: a 132-lead 
pin-grid array or a 132-lead plastic quad 
flat pack. The device is fabricated on a 
0.8-um CMOS process, which helps re- 
duce power consumption. 0 


PRICE AND AVAILABILITY 

The 5-V 80960JF will sample in Septem- 
ber and go into production in December. The 
3.3-V version is scheduled to sample in De- 
cember, with large-volume quantities avail- 
able next March. Prices for the i960JF series 
of embedded RISC microprocessors start at 
$24.90 in quantities of 10,000. In addition, 
processors with smaller and larger caches 
and higher clock frequencies will be available 
early next year. 

Intel Corp., 5000 W. Chandler Blud., 
Chandler, AZ 85226; (800) 628-2283. 
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Can the IC latch up if hit with ESE 
his is critical. An ESD event may cause th 
e to latch, in which case the IC would sto, 
e up to 1A of current until system power | 
In severe cases, the IC could burn up 

_ fendering the serial port useless. — 















s the ESD voltage rating and test metho 
rent test methods yield different voltage ratings 
m specifies its high ESD RS-232 ICs using the 
_ Human Body Model and IEC 801-2 — 

Contact and Air Gap Discharge). 


_ What were the test results. — 
over the complete ESD protection range? : 
ESD protection structures are dynamic in nature— 
rent mechanisms operate at different voltages. 
ice that survives a +10kV Human Body Model ( 
ise May not survive a +5kV HBM ESD pulse 
tests ESD over the entire voltage range 

7 200V increments. - 
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SELECT THE RIGHT 
HIGH ESD RS-232 IC 


the Facts About ESD Protection 
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re there any special precaution 
that must be taken to use the IC? 
‘eg ICs may need expensive, low-ESR — 










oes the ESD protection affect normal operation? 
\n normal operation, an improperly designed ESD 

icture could trigger, causing latchup. For RS-232 ICs, 
__aslew rate of less than 3V/us indicates that 
the device may be susceptible to latchup. 
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Select the Rugged, +15kV ESD, +5V RS-232 IC for Your Design 


WROTE _ _ _ BS , ' sony 


*ESD testing done on all RS- 232 > 1/0 p pins using Hird Body M Model wavetens and IEC 801-2 ED 
tPrice is 1000 piece recommended resale. 
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The value of this scope 
is easy to see. 


Take a close look at the HP 54600- 
series oscilloscopes, and you can’t 
help but notice certain things. 


It looks and feels like an analog 
scope, with dedicated knobs and a 
display that responds instantly to 
your control changes. Yet it has all 
the digital power that analog can’t 
give you—high accuracy, automatic 
measurements, hard copy output 
and programmability. And superior 
viewing of virtually any waveform, 
even at low rep rates and slow 
Sweep speeds. 


But what really stands out is that 
the HP 54600-series scopes give you 
all this performance at a great price. 
Four models ensure you get the 
right scope for your mesurements. 
The HP 54600B 100 MHz (2-channel). 
HP 54601B 100 MHz (4-channel). 
HP 54602B 150 MHz (4-channel). 
And the HP 54610B 500 MHz (2- 
channel). And that’s a value worth 
looking into. 


@ For more information, call 
your local sales office or one of 
the numbers listed below. We'll be 
happy to send you literature about 
the HP 54600-series scopes. 


There is a better way. 


¢ 


HEWLETT® 
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PRODUCT INNOVATION 


FAST ADC ENABLES DIGITAL 


BASEBAND RF TECHNOLOGY 


FRANK GOODENOUGH AND LEE GOLDBERG 


ONCE THE PROV- 
INCE OF THE 
MILITARY AND 
INTELLIGENCE 
COMMUNITIES, 
DIGITAL RF 
FINALLY 
“COMES IN 
FROM THE 
COLD.” 


s the superheterodyne re- 
ceiver doomed like the vac- 
uum tube that originally 
made it possible? The new- 
est generation of analog-to- 
digital-converter (ADC) 
technology seems to point in that di- 
rection, because it’s capable of rapidly 
obsoleting analog IF signal process- 
ing at frequencies below 15 MHz. If 
this high-speed conversion technol- 
ogy proves viable, virtually all RF 
communication links may soon carry 
only digital baseband  signals— 
strings of ones and zeros waiting for 
further processing by the soon-to-be- 
ubiquitous digital signal processor. 
Instead of using a heterodyne proc- 
ess, baseband signals now can be ex- 
tracted from the carrier frequency by 
directly digitizing the output of an RF 
receiver's IF stage for further proc- 
essing in digital or analog form. While 
the process of IF digitization has been 
feasible for some time, the high-preci- 





vision for cellular telephone-system infrastructures of the future. Once signals are mixed 
down to the IF, the entire spectrum of interest is sampled by a high-speed ADC (Analog 
Devices AD9026/7), resulting in every channel being digitized simultaneously. All tuning and 
demodulation is done in the digital domain, using dedicated DSP hardware running at the 
ADC’s sampling rate. Narrow-band decimation filters extract each channel from the data 
stream for further processing by a dedicated DSP IC. 
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sion ADCs required to capture a 15- 
MHz IF signal cost thousands of dol- 
lars, making commercial applications 
of digital baseband technology im- 
practical. 

One company, Analog Devices, has 
now changed this situation. It has de- 
veloped an advanced 12-bit, 31-MHz 
ADC. This product is part of the com- 
pany’s strategy to become a leading 
supplier of the next generation of 
communication system components. 
Such components will make use of 
highly-integrated digital-signal-proc- 
essing (DSP) technology (Fig. 1). 

To develop one of the important 
building blocks of this system, Analog 
Devices worked closely with several 
communications equipment manufac- 
turers, including the Steinbrecher 
Corp., Burlington, Mass. From this 
collaboration came a pair of monolithic 
12-bit ADCs with sufficient speed and 
precision for digital IF applications— 
the AD9026 (for TTL signals) and the 
AD9027 (for ECL signals). 

Both converters feature a sampling 
rate of 31 MHz and impressive dy- 
namic performance. While digitizing a 
13.4-MHz signal at its maximum sam- 
ple rate of 31 MHz, each converter 
boasts a signal-to-(noise + distortion) 
ratio-SINARD-of 62 dB. Each ADC 
delivers a total harmonic distortion- 
THD-of 70 dBe (an 11.3-bit effective 
resolution) over the full industrial- 
temperature range. At a temperature 
of 25°C, their spurious-free dynamic 
range-SFDR-runs 72.1 dB, yielding 
an equivalent digital resolution of 
about 11.7 bits. Two-tone intermodu- 
lation distortion is typically about 73 
dBe at input frequencies of 9.6 and 
11.3 MHz. 


INNOVATIVE ARCHITECTURE 


To attain these tough requirements, 
the ADCs employ an innovative 
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three-pass subranging architecture. 
Its two track-and-hold (T/H) amplifi- 
ers, three flash ADCs, two digital-to- 
analog converters (DACs), and two 
residue amplifiers produce a 14-bit 
digital word that’s reduced to a 12-bit 
word by digital error correction (Fig. 
2). The input T/H amplifier is the most 
critical block, because it must sample 
a+1.024-V signal—to 12-bit accuracy— 
at 31 Msamples/s. The T/H-amplifier’s 
errors are not eliminated by the digital- 
error-correction circuits. The DAC lo- 
cated at the output of the first 5-bit 
ADC also must be 12-bit accurate. 

The analog input signals are attenu- 
ated through a resistive divider and 
applied to the T/H amplifier’s sam- 
pling bridge. It holds the analog volt- 
age present when the Encode input is 
strobed. 

The voltage held by the T/H ampli- 
fier also is applied to a 5-bit flash ADC 
and a second T/H amplifier. The first 
flash ADC produces the 5 most-sig- 
nificant bits (MSBs), which are then 
reconstituted by a5-bit DAC and sub- 
tracted from the first T/H-amplifier 
output to form a residue signal. 


ADVANCED DSP TECHNOLOGY DRIVES LOW-COST CELLULAR BASE STATION 


y combining digital base- 

band technology and high- 

performance ICs, _ engi- 

neers at the Steinbrecher 
Corp. were able to design first-gen- 
eration low-cost cellular radio prod- 
ucts that will reduce the cost of a 
typical base station by up to 80%. 
Until recently, the company was 
small, producing highly sophisti- 
cated government and military re- 
ceivers and RF mixers for over-the- 
horizon radar and Milstar satellite 
transceivers. With declining de- 
fense and intelligence spending, 
Doug Shute, Steinbrecher’s presi- 
dent and c.e.o., looked to the grow- 
ing cellular telephone industry as an 
area of great opportunity. 

During the late 1980s, Steinbre- 
cher experimented with using DSP 
technology to monitor cellular-tele- 
phone traffic for a government 
agency. One of the things that gave 
the firm’s products such excellent 
performance was a unique broad- 
band mixer technology, dubbed 
“Paramixer” by the company’s foun- 
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The second T/H amplifier samples 
this residue signal, which is then 
passed on to a gain-of-16 amplifier and 
a second 5-bit flash ADC. The latter 
ADC’s 5-bit output is reconstituted by 
a second 5-bit DAC, which is sub- 
tracted from the output of the second 
T/H amplifier to form a second residue 
signal. This second-residue signal is 
given a gain of eight and applied to a 
4-bit flash ADC. As noted earlier, the 
digital-error-correction logic aligns 
the 14-bit data from the three ADCs 
to form the 12-bit parallel output digi- 
tal word. 

Much of the converter’s high-end 
accuracy is due to the excellent char- 
acteristics of the T/H amplifiers used 
in its front end. The analog bandwidth 
of the input T/H amplifier typically 
runs over a wide band of 200 MHz, 
making the AD9026/9027 applicable 
to undersampling frequencies well 
above the Nyquist point. 

According to Analog Devices, with- 
out the help of their customers in de- 
signing the input T/H amplifier, the 
ADCs could not have been realized. 
Actually, Steinbrecher had imple- 


der Don Steinbrecher. Instead of 
translating a single channel from its 
carrier frequency to the IF, the 
Paramixer takes a very wide slice of 
a communication spectrum (typi- 
cally 10 to 100 MHz compared to 10 
to 100 kHz for conventional radios) 
down to baseband while introducing 
virtually no distortion into the sig- 
nal under scrutiny. The entire band 
which contains several channels is 
digitized and sent over a data bus to 
a bank of DSP ICs. Each processor 
then extracts and decodes one chan- 
nel from the passing bit-stream. 
Using broadband processing, 
only one RF transceiver and digitiz- 
ing stage is needed to feed the digi- 
tal filters and signal processors that 
separate the individual channels 
and demodulate them. Outgoing 
traffic is digitally combined into a 
baseband signal and brought up to 
the carrier frequency as a single 
wide channel. This substantially re- 
duces the volume and cost of equip- 
ment required for a cellular base 
station. Once the broadband mixer 
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mented the sampling function using 
discrete components, but later real- 
ized that a monolithic solution was 
needed to make the system economi- 
cally viable. 

The ADCs have excellent SFDR 
characteristics. Such a feature over 
the full Nyquist bandwidth ensures 
successful multichannel receiver ap- 
plications at up to a frequency of 15 
MHz. 

Unlike many wideband ADCs, the 
de specifications of these units need no 
apology. No-missing-code operation is 
guaranteed to 12 bits. Differential and 
integral nonlinearity errors run a 
maximum of 1 and 3 least-significant 
bits (LSBs), respectively. Further- 
more, all three specifications hold 
over the entire operating-tempera- 
ture range. 


MANY APPLICATIONS 


A moderate-cost converter with 
such exceptional specifications opens 
up a wide variety of applications that 
were previously cost-prohibitive. By 
digitizing the baseband directly, one 
receiver can take in a portion of the 








was coupled to recent developments 
in low-cost DSP, the Minicell con- 
cept was born. 

At around $100,000, the MiniCell 
costs about 10% of a conventional 
base station. Its very small size 
eliminates real-estate and housing 
costs associated with conventional 
base stations (see the figure). Also, 
the low cost will allow cellular serv- 
ice providers to employ it in new 
ways to boost network perform- 
ance. As an example, a MiniCell 
transceiver can be used as a cost-ef- 
fective capacity enhancer to cover 
geographic dead zones or to provide 
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spectrum, digitize it, and pass it to any 
number of channel processors via a 
digital data bus. 

Besides the drastic reduction in 
component count, this lends itself to 
application of advanced DSP. tech- 
niques. Though used in advanced mili- 
tary equipment for some time, one of 
the technology’s first civilian applica- 
tions is in a cellular telephone base 
station developed by the Steinbre- 
cher Corp. (see “Advanced DSP tech- 
nology drives low-cost cellular base 
station,” p. XX). 

The ADC is the key to Steinbrecher 
Corp.’s MiniCell digital transceiver 
system. Used as a cellular-telephone 
base station, the MiniCell concept 
makes it possible to reduce conven- 
tional cellular-telephone base-station 
costs by as much as 90%. This further 
leads to the possibility of developing 
low-cost, wireless, private-area 


branch-exchange (PABX) telephone 
systems. 

Scheduled for production in early 
1995, the MiniCell digital transceiver 
system can be used in a variety of 
ways to build a low-cost and flexible 
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2. THE UNIQUE ARCHITECTURE of the AD9026/7 ADCs from Analog 

Devices targets it at digital baseband RF applications. To gain the high accuracy needed for 
such applications, it first employs three ADCs—two 5-bit and one 4-bit—to produce a 14-bit 
conversion. The result is then error-corrected and reduced to 12 bits for increased accuracy. 


cellular communications infrastruc- 
ture. Used as a base station, each 
transceiver typically handles 24 of the 
416 cellular channels. To expand chan- 
nel capacity, additional DSP channels 
may be added to the system. The sys- 
tem’s programmable signal proces- 
sors permit the station to support any 
mix of transmission technologies, giv- 
ing carriers the ability to handle digi- 
tal as well as analog traffic with the 
same hardware. And thanks to its 
small size and digital interface, remote 
operation from rooftops or utility poles 
is possible. 

Low-cost digital base stations also 
open up the possibility of having wire- 
less PABX services located within 
buildings or on campuses. The intelli- 
gent base station can be programmed 
to provide a microcell that in turn pro- 
vides authorized cellular telephones 
with direct access to intra-campus 
calls or other PABX services at no 
charge. Visitors’ telephones can auto- 
matically have outside calls billed to 
their home cellular communication 
system. 

Given the ability to directly digitize 
a 15-MHz portion of the spectrum, one 
can expect to see a new wave of prod- 
ucts in which RF signals will be proc- 
essed and handled digitally much as 
audio and video signals are today. Tom 
Gratzek, ADC product line director 
for broadband communications at 
Analog Devices, speculates that digi- 
tal baseband technology will first find 
its way into advanced test-and-meas- 
urement instrumentation, such as 
spectrum analyzers, ultrasonic imag- 
ing devices, and cellular-system test 
equipment. 
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Development of products to digitize 
video for head-end cable-TV systems 
also is also under development. As 
component cost drops, Gratzek antici- 
pates that it will migrate into con- 
sumer technologies, such as base sta- 
tions for European portable tele- 
phones that adhere to the DECT 
(Digital European Cellular Tele- 
phones) standard, as well as Japanese 
telephone sets that meet the personal- 
handy-phone (PHP) standard. Ex- 
cited about the possibilities, Gratzek 
claims that “this technology also posi- 
tions Analog Devices to meet the fu- 
ture needs of equipment manufactur- 
ers for the emerging U.S. personal- 
communication-system (PCS) infra- 
structure.” | 

The ADC9026 and ADC9027 are 
functionally identical except that the 
ADC9026 has TTL-compatible logic 
levels while the ADC9027 employs 
ECL logic levels. Both converter 
models are packaged in a custom, mul- 
tilayered, co-fired ceramic DIP along 
with power-supply bypass capacitors. 
Each converter model dissipates 1.5 
W of power from +5-V power- supply 
rails. O 


PRICE AND AVAILABILITY 
Both the ADC9026 and ADC9027 ADCs 
are available immediately in production 
quantities at $238 each. 
Analog Devices Inc., 7910 Triad Center 
Dr. Greensboro, NC 27409-9605; Tom 
Gratzek, (910) 605-4223. CIRCLE 511 
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SPICE H ANDBOOK COMES Since June, 1986, Intusoft, San Pedro, Calif., has been providing free techni 


cal information about Spice through a bimonthly newsletter. Now, the com- 


WITH FLOPPY DISK pany is selling a compilation of all the back issues of that newsletter. Spice 


Applications Handbook, 2nd Edition, contains all of the 34 past issues dating from June, 1986 
to January, 1994. There are over 60 technical articles that offer Spice simulation tips and tech- 
niques, modeling information, and actual Spice models for a variety of components. Some of 
the topics discussed in depth include analog behavioral modeling, switched-capacitor models, 
pressure-sensor models, fuse models, and thermal analysis. A companion disk contains all the 
models, Spice net lists, and associated schematics and symbols from all of the newsletters. The 
book and disk are available now for $49.95. Call Intusoft at (310) 833-0710. The company’s 
Internet address is 71564.38147 @ compuserve.com. LM CIRCLE 597 


DR AM-BASED GR APHICS The SpeedStar graphics accelerator, which comes in 1- and 2-Mbyte versions, 


handles 64 bits. The board, from Diamond Computer Systems, Sunnyvale, 


BOARD HAN DLES 64 BITS Calif., speeds Windows and other graphic-intensive applications while dis- 


playing true-color graphics and flicker-free refresh rates. The 64-bit connection improves 
Windows performance for such graphics functions as BitBLTs, raster operations, line draw- 
ing, and cursor control. It is built with a Cirrus Logie CL-GD5434 graphics controller, which 
permits the use of low-cost DRAM. The 2-Mbyte version supplies up to 75-Hz refresh rates 
with 16.7 million colors at a resolution of 800-by-600 pixels and 256 colors with 1280 by 1024 
pixels. Driver support is included for Windows, OS/2, Windows NT, Lotus 1-2-3, AutoCAD, 
and other popular applications. The Display Power Management Signaling (DPMS) utilities 
for DOS and Windows, which help reduce the system’s power consumption, are integrated 
into the board. The 1-Mbyte SpeedStar costs $195 and the 2-Mbyte model sells for $235. The 1- 
Mbyte board can be upgraded to 2 Mbytes for $80. For more information, call the company at 
(408)736-2000. RN CIRCLE 598 


As 64-bit graphics accelerators are becoming mainstream products, Number 
GRAP HICS ACCELERATOR Nine Corp., Lexington, Mass., debuted the Imagine-128, a 128-bit graphics 
Runs AT 128 Bits 


and multimedia processor. The chip employs a 128-bit memory controller, 
which handles the traffic to and from the processor at sustained bandwidths of 500 Mbytes/s. 
As a result, there is no noticeable performance loss when the system switches from a 16- toa 
24-bit color depth. For complex imaging and multimedia applications, the chip supports vari- 
ous drawing primitives and display functions. Up to 16 pixels can be modified in one instruc- 
tion cycle. Number Nine offers a development kit to simplify integration of the part. The $2495 
kit includes a reference board, schematics, a technical reference and programmer’s guide, a 
software development library, a non-line debugger, diagnostics, and related utilities. The 
Microsoft Windows driver source code is available for $15,000. The chip, which is sampling 
now, will be in production in the fourth quarter and will sell for $160 in quantities of 10,000. 
Boards based on the Imagine-128 will be available from Number Nine in the fourth quarter as 
well. For more information on the Imagine-128 128-bit accelerator, contact the company at 
(617) 674-0009. RN CIRCLE 599 


PORT ABLE F AX M ACHINE Measuring just 6.4-by-1.9-by-0.9 in., the 3Fax is a battery-powered fax ma- 


chine from Psion Inc., Concord, Mass. The tiny device can format documents 


ITS IN A P OCKET complete with custumized cover sheets, company logos, and signatures. It 


can also store faxes, defer them to be sent at different times, automatically redial busy 
numbers, and keep a status log and database of numbers. Users can create the documents us- 
_ Ing the device’s integrated editing system. They also can gain access to E-mail and on-line 
information services. The 3Fax runs with the Psion’s Series 3a machine whichis a full-function 
hand-held computer. The Series 3a contains a large LCD that handles 80 characters and 17 
lines of text. The 3Fax, which runs on two AA batteries, sells for $299. For more information, 
call Psion at (508) 371-0310. RN CIRCLE 600 
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DICTATION SYSTEM HOLDS 
60,000 ACTIVE WORDS 
There’s not a large limitation when 
using version 3.0 of the DragonDic- 
tate family of speech-to-text dicta- 
tion systems—it has a vocabulary of 
60,000 active words. With the sys- 
tem, PC users can enter text, control 
software programs, and operate 
their computers hands free by speak- 
ing rather than typing. This high-end 
version is intended for users who re- 
quire extensive vocabularies for dic- 
tating widely diverse or specialized 
subject matter. 

The system requires at least a 33- 
MHz 486-based platform, 8 Mbytes 
or RAM, DOS 5.0, and 29 Mbytes of 
free hard-disk space. Costing $1995, 
DragonDictate is available now. 
Less powerful versions are also 
available. A 30,000-word unit is 
priced at $995, while 5,000-word mod- 
el sells for $695. RN 

Dragon Systems Inc., 320 Nevada 

St, Newton, MA 97006; (617) 965- 

5200. 


MO DRIVE STORES 
230 MBYTES 
The MTA-3230 rewritable optical 
disk drive stores 230 Mbytes of data 
per cartridge. The magneto-optical 
(MO) drive is fully compatible with 
128-Mbyte cartridges. Its rotational 
speed of 3600 rpm, a 248-kbyte read- 
ahead cache, and advanced cache 
management features combine to of- 
fer a data-transfer rate of 1.47 
Mbytes/s. The unit contains an auto- 
write calibration technique that 
helps optimize the laser power used 
for writing operations. Available 
now, the MTA-3230 magneto-optical 
rewritable disk drive is priced at 
$700. RN 

IBM Corp., Storage Systems Div., 

5600 Cottle Rd., San Jose, CA 

95037; (415) 903-0955. 


VIDEO-EDITOR ADDS 
TOUCH-SCREEN INTERFACE 
The EditStation is a standalone vid- 
eo-editing system with a Microsoft 
Windows touch-screen user inter- 
face. The system also incorporates 
the powerful media integration capa- 
bilities of the IMTX 8000, an audio 
and video routing and multiple-deck 
control peripheral. 

The EditStation is a complete vid- 
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eo post-production system contain- 
ing two source video tape decks, a re- 
cording deck, the IMTX 8000, a Com- 
modore Amiga computer, and two 
color video monitors. The system is 
controlled by the user through the 
Windows-based PC. 

A device called the NewTek Toast- 
er is included to add special video ef- 
fects. Bundled software includes 
EditWare, which runs under Win- 
dows. With EditWare, the user con- 
trols all video-editing functions on 
one screen. Functions controlled by 
the software include video-clip iden- 
tification and cataloging, source in- 
put and time code striping, video and 
audio dubbing, edit-list creation and 
management, and tape duplication. 
The EditStation is available now. 
Prices range from $55,000 to $70,000, 
depending on the chosen video-deck 
and its format. In addition, hardware 
and software upgrades are availab- 
le. RN 

Interactive Media Technologies 

Inc., 13402 N. Scottsdale Rd., Suite 

B-155, Scottsdale, AZ 85254; (602) 

443-3098. 


UPGRADE USING 
WAVE-TABLE SYNTHESIS 
An ordinary PC can be transformed 
into a multimedia entertainment cen- 
ter using the Explorer upgrade sys- 
tem. The system features a sound 
card that employs wave-table syn- 
thesis, a plug-and-play interface 
card, and a double-speed CD-ROM 
drive. The Explorer is fully compati- 
ble with most industry standards, in- 
cluding Sound Blaster, Windows 
Sound System, and Ad Lib. It also 
supports MPEG video on CD, which 
means that users can play back 74 
minutes of full-motion video with an 
optional MPEG decoder board. 
Available immediately, the multime- 
dia upgrade system is priced under 
$500. RN 

Aztech Labs Inc., 46707 Fremont 

Blvd., Fremont, CA 94538; (510) 

623-8988. 


SOLID-STATE MEMORY 
CARDS HOLD 40 MBYTES 

A family of six PCMCIA-based solid- 
state memory cards come from the 
technology alliance between IBM 
and Toshiba. The cards, sold by IBM, 
employ Toshiba’s high-performance 
DES IG 
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16-Mbit NAND EEPROMs and an 
IBM-designed intelligent microcon- 
troller. The result are transfer rates 
of 7 Mbytes/s on read operations, 
and 1.2 Mbytes/s on writes. The 
cards capacities range from 3 to 40 
Mbytes. The 3-, 5-, 10-, and 20-Mbyte 
models fit a Type I form factor, while 
the 30- and 40-Mbyte models come in 
a Type II form factor. 

The flash architecture stores and 
retrieves data for an entire sector us- 
ing parallel read and write opera- 
tions to increase the transfer rates. 
The cards’ PCMCIA-ATA interface 
let them act as IDE-based hard-disk 
drives, making them interchange- 
able with standard PCMCIA-based 
rotating memory. In large quanti- 
ties, the cards sell for less than $25 
per Mbyte. RN 

IBM Microelectronics, 1580 Route 

52, Internal Zip B, Hopewell Junc- 

tion, NY 12533; (800) IBM- 

0181. 


12.7-MM-HIGH DISK DRIVE 
STORES 350 MBYTES 

Designed to meet the needs of the 
shrinking notebook computers, the 
Filepro Notebook Low Profile 350 
(CFL350) 2.5-in. hard-disk drive 
stores 350 Mbytes of data in a 0.5-in.- 
high (12.7-mm) form factor. In addi- 
tion to the small size, the drive 
weighs just 4.9 oz. 

The performance specifications 
weren’t compromised to reached the 
small size—the drive’s average seek 
time is 12 ms and it supports PIO 
mode 3 of the enhanced IDE inter- 
face for data-transfer rates of up to 
11.2 Mbytes/s. A 32-kbyte comes 
standard and can be increased to 64 
kbytes. 

Using a series of power-saving 
techniques, the spindle motor can be 
shut down during periods of inactivi- 
ty. In idle mode, with the drive spin- 
ning but not reading or writing data, 
it consumes about 0.75 W. In stand- 
by, it consumes just 0.15 W. The 
drive can withstand an operating 
shock of 100 Gs and boasts a mean- 
time between failure rating of 
300,000 hours. Single-unit pricing is 
set at $875. Drives will be available 
sometime in the third quarter. RN 

Conner Peripherals Inc., 3081 

Zanker Rd., San Jose, CA 96134; 

(408) 456-4500. 
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DUAL OP AMP LINKS 
PRECISION, SPEED 
A dual-current-feedback amplifier, 
the LM6182 is optimized for high pre- 
cision and speed. It is ideal for video 
and other high-speed amplifier appli- 
cations ranging from Asymmetric 
Digital Subscriber Lines (ADSL) to 
imaging equipment. High precision 
in the LM6182 is achievable through 
its 3-mV maximum offset voltage, 
and 5-uA maximum inverting and 2- 
pA maximum non-inverting input 
bias current specifications. It fea- 
tures a 100-MHz bandwidth, a 2000- 
V/s slew rate, and a 50-ns to 0.1% 
settling time. In addition, the 
LM6182 has a 100-mA output current 
and a high-power output stage, 
which enables each amplifier to drive 
a 2-V signal into 50- or 75-29 back-ter- 
minated coaxial cable systems. The 
LM6812 is fully characterized and 
specified at both +5 V and +15 V, 
and operates over a temperature 
range of -25°C to +85°C. It is avail- 
able in both A- and standard grades, 
| in packages with either 16-pin SO or 
8-pin plastic DIP formats. Prices for 
the A-grade and standard grade, in 
1000 unit lots, are $4.30 and $3.60 
each, respectively. CA 
National Semiconductor, 2900 
Semiconductor Dr., P.O. Box 
58090, M.S. 16.300, Santa Clara, 
CA; Mark Cosgrove, (408) 721- 
6973. 


VIDEO ADC FOR 

PC MULTIMEDIA 

The HI1179 IC is a 40 million-sample- 
per-second (MSPS) 8-bit video a-d 
converter with an on-chip syne clamp 
to eliminate several external compo- 
nents normally used for dc restore in 
desktop multimedia applications. It 
includes on-chip reference plus sam- 
ple and hold and dissipates a maxi- 
mum 110 mW. The HI1179 clamps a 
portion of the analog input to a refer- 
ence voltage without a typical exter- 
nal configuration of six resistors, a 
potentiometer, a sample-and-hold 
circuit, and an op amp. This centers 
an ac-coupled waveform within the 
a-d converter’s range of maximum 
accuracy. Ac-coupled video signals 
require dc restore before the a-d con- 
version stage. Clamping is used in 
video circuits where the video signal 
is on one side of a reference baseline 
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and horizontal and vertical synchro- 
nizing (sync) signals are on the other. 
This maintains the video signal at a 
reference baseline level. The on-chip 
voltage reference sets the analog in- 
put range for 0.6 to 2.6 V. External 
references can range between 0 and 
2.8 V. 

The HI1179’s typical 40 MSPS con- 
version rate (835 MSPS minimum 
guaranteed) allows eight-times over- 
sampling of 3.58 MHz NTSC plus 
4.43 MHz PAL and SECAM color 
subcarrier frequencies. Applications 
include PC multimedia, desktop vid- 
eo editing, TV production equip- 
ment, digital scanners, hand-held 
test equipment, and high-speed data 
acquisition systems. Effective DSP 
requires converters that can over- 
sample the Nyquist criterion. Over- 
sampling reduces the performance 
requirements for the anti-aliasing 
filter used ahead of the data convert- 
er, which in turn simplifies front-end 
design and lowers system cost. In ad- 
dition, oversampling helps accom- 
modate limitations such as aperture 
jitter in other parts of the system. 
The HI1179 comes in 32-lead plastic 
quad flatpacks. In lots of 1000, it 
costs $10.16. cM 

Harris Semiconductors, P.O. Box 

883, Melbourne, Fla. 32901; (800)- 

4-HARRIS. 


12-BIT DACS FEATURE 

DIP AND SO PACKAGES 

Two industry-standard monolithic 
12-bit d-a converters, the MX565A/ 
566A have been optimized for speed 
and packaging. Suitable for such ap- 
plications as CRT drivers and fast a- 
d converters, the MX565A offers a 
10-V, 10-ppm/deg C precision refer- 
ence, while the MX566A utilizes an 
external reference. In addition, both 
DACs have fast settling times—both 
settle to within 21/2 LSB in a maxi- 
mum of 250 ns, (the MX566A re- 
quires 350 ns maximum). In addition, 
the MX565A has an accuracy with re- 
spect to full scale of 1/4 LSB maxi- 
mum, with monotonicity and 1/2 
LSB accuracy guaranteed over the 
temperature range of 0°C to 70°C 
(commercial) for both DACs. The 
MX565A is powered by a £15-V sup- 
ply; the MX566A requires -15 V. Both 
the MX565A and the MX566A are 
available in a 24-pin plastic DIP, ce- 
LECTRONIC 
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ramic DIP, or SO package. In lots of 
1000, they cost $9.68 and $9.04 each, 
respectively. CA 
Maxim Integrated Products, 120 
— San Gabriel Dr., Sunnyvale, CA, 
94086; (408) 737-7600, ext. 
6087. 


OPTOELECTRONIC ICS 


BOAST LOW COST 


he OPT202 and OPT209 low- 

cost, high-performance op- 

toelectronic ICs are targeted 
at precision instrumentation, scan- 
ning, and sensing applications. The 
monolithic ICs integrate a large 0.09- 
by-0.09-in. photodiode, precision 
FET-input transimpedance amplifier 
and a 1-MQ feedback resistor on a 
single chip. 

Photodiode current is converted to 
an output voltage proportional to the 
light’s intensity. The OPT209’s band- 
width is 16 kHz, providing excellent 
performance for general-purpose 
applications. The OPT202’s band- 
width is 50 kHz, which is ideal for 
pulsed-light applications, such as 
barcode scanners. 

The OPT202 and OPT209’s preci- 
sion, versatility, and low cost make 
them ideal for industrial applica- 
tions, including medical and labora- 
tory instrumentation, position and 
proximity sensors, photographic an- 
alyzers, and smoke detectors. Their 
combination of photodiode and am- 
plifier eliminates many problems 
commonly associated with discrete 
designs, such as leakage-current er- 
rors, noise pick-up, and gain peaking 
due to stray capacitance. Photodiode 
responsivity is 0.45 A/W at 650 nm. 

Key specifications for the ICs in- 
clude: 2-mV dark errors, 400-wA qui- 
escent current, 0.05% nonlinearity, 
and +2.25 to £18 V supply range. 
Specified over the commercial tem- 
perature range of 0°C to +70°C, the 
OPT202 and OPT209 are packaged in 
clear plastic 8-pin DIPs. Dice are also 
available. The OPT202 starts at $4.25 
in lots of 1000; the OPT209 costs 
$5.25. Delivery is from stock. 

Burr-Brown Corp., P.O. Box 
11400, Tuscon, Arizona 85734; 
(800) 548-6132. 
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100MHz VIDEO BUFFERS 
ELIMINATE AMPLIFIERS 
FOR DRIVING CABLE 





Directly Drive 75 Back-Terminated Cable Without External Feedback! 


TRIPLE, +2 GAIN QUAD, +2 GAIN 





¢ 100MHz Unity-Gain Bandwidth ¢ +1 0r+2 Gain Options 

¢ 90MHz Gain Bandwidth (Ay = +2) ¢ 0.01%/0.03° Diff. Gain/Phase 
¢ 300V/"s Slew Rate ¢ +2.5V Output Swing into 1500 
¢ Prices Start at $4.00* ¢ 60dB Crosstalk @ 10MHz 


¢ Triple & Quad Buffers in 16-pin SO Package 


The new MAX467-MAX470 are the first +5V triple and quad video buffers designed with a closea- 
loop gain of +1 or +2 (6dB) for driving 50Q or 75Q back-terminated coaxial cables with the lowest 
differential phase and gain errors in the industry. Ideal for all video applications from medical 
ultrasound to professsional broadcast equipment, the triple MAX469 and quad MAX470 gain-of- 
two buffers replace multiple video amplifiers and their feedback resistors when driving cables. 


wre pate FREE Op Amp/ Video Design Guide—Sent Within 24 Hours! 
oe includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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ULTRA-MINIATURE 








Manufactured and tested 
to MIL-T-27 


Frequency range 
20 Hz to 250 KHz 


Available from 
100 milliwatts to 3 watts 


Impedance from 20 ohms 
to 100 K ohms 


Operating temperature 
—55°C to +130°C 


Low profile .2" ht. 


See EEM 
or send direct 
for Free PICO Catalog. 


Call toll free 


in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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TEMPERATURE/ VOLTAGE UNIT 
SCANS 147 CHANNELS/S 


he MultiScan/1200 tempera- 
ture and voltage measure- 
ment instrument scans up to 
147 channels/s or digitizes wave- 
forms at up to 20 kHz. As a 19-rack- 
mountable unit, the instrument of- 
fers channel-to-channel isolation not 
found in PC plug-in boards and the 
accuracy of more expensive, but 
slower, data loggers. 

The system accepts up to 24 differ- 
ential inputs in any combination of 
voltage and temperature. A 16-bit 
analog-to-digital converter, over- 
sampling, and averaging ensure low 
noise and ac line rejection. Using 
Exp/10A expansion modules, a max- 
imum of 744 channels are possible. 
Two scanning modules are currently 
available for the MultiScan/1200. 
The MTC/24 thermocouple/volts 
module supplies 24 differential input 
channels with per-channel program- 
mability. The MHV/24 high-voltage 
module has 24 differential voltage- 
input channels with per-channel pro- 
grammability for up to 250 V full- 
scan. Both unit provide 250-V peak 
dc isolation. 

Included with the MultiScan/1200 
is MultiView, a Windows application 
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that allows users to graphically con- 
figure channel characteristics and 
scanning requirements. It also of- 
fers several options for viewing, 
plotting, and saving measurement 
data. Another included Windows ap- 
plication, PostView, lets users 
graphically scroll through data files 
previously acquired with MultiView. 
It allows simultaneous display of 32 
channels, with independent cursors 
for each. 

The MultiScan/1200 costs $1495. 
The MTC/24 and MHV/24 scanning 
modules and the Exp/10A expansion 
module each cost $995. Delivery is in 
four to six weeks. 

IOtech Inc., 25971 Cannon Rd., 
Cleveland, OH 44146; (216) 439- 
4091. 
@ JOHN NOVELLINO 








SYSTEM ACQUIRES, LOGS 
DATA ON 32 CHANNELS 

The Visidaq Model 3200 is a data vi- 
Sualization/acquisition system that 
supplies up to 32 channels of high- 
speed, 12-bit data logging. For ease 
of use, the system is menu-driven 
and employs single-key options for 
all setup and operational tasks. Max- 
imum sampling rate is 178,000 sam- 
ples/s on one channel, and 1000 sam- 
ples/s each on 16 channels. Users 
can select strip chart, xy, or numeric 
page display to acquire, log, display, 
annotate, playback, analyze, reduce, 
store, or print any sensor data re- 
corded. Also, the Model 3200 can be 
used as a file server to distribute the 
acquired data enterprise wide with- 
out tying up the test stand. The sys- 
tem provides MS-DOS formatting 
and uses a Posix-compliant Unix op- 
erating system that allows the 3200 
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to function as an X-Window worksta- 
tion. Available functions include sig- 
nal rearrangement, engineering unit 
scaling, delta calculations, data 
searches, statistics, multiple display 
formats, limit alarms, and data re- 
duction. Model 3200 prices start at 
$29,990. Delivery is in 30 days. JN 
Visidaq Solutions Inc., 1970 
Swarthmore Ave., Lakewood In- 
dustrial Park No. 3, Lakewood, NJ 
08701; (908) 901-6100. 
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NO SUBHARMONIC NOISE! 
4°/ EFFICIENT DC-DC STEP-DOWNS 











POWER WIRELESS SYSTEMS 


Internal Switches and Surface-Mount 
Packages Save Space 


Compact size, battery-saving features, and low-noise 
make this new family of pulse-width modulated (PWM) 
step-down DC-DC converters ideal for portable communi- 
cations and wireless applications. These drop-in 
replacements for Maxim‘s popular MAX730-family deliver 
up to 50% more output Current, are free of subharmonic 
switching noise, maintain up to 94% efficiency, and are 
lower priced. And, the MAX744A has guaranteed 159kHz 
to 212.5kHz oscillator limits to avoid interference in the 
sensitive 455kHz IF band. External component selection 
has already been optimized to simplify design work. 


¢ No Subharmonic Switching Noise with 
Low ViIN-VouT Differentials 

88% - 94% Efficiency 

Compact SOIC Footprint 

Up to 750mA Output Currents, Guaranteed 
Logic-Controlled 6A Shutdown 


5V, 3.3V, or Adjustable Outputs 
(1.25V to VIN) 


¢ Evaluation Kits Available’ 


e¢-¢e?¢:hlUC OHmhC Hh SO 




















OUTPUT INPUT ‘4 


POWER SUPPLIES ASSESS > gg 


Data Sheets + Applications Notes + Free 











a Small 10A Step-Downs Maximize 
Battery Life 


Step-Up/Step-Down Converters: 
3.3V or S5Voyz from 1.5V to 6.2Viq 
8-Pin Solution: No T) fc No External Diode 























LOW-NOISE, COMPACT STEP-DOWN 


IS 94% EFFICIENT 
INPUT 


6V TO 16V : OUTPUT 
68uF an V+ LX 5 
MAAXIAA 
MAX738A 


__MAX744A 


ON/OFF SHDN OUT 


$9 CC 
REF__ GND 


NO SUBHARMONIC NOISE 
OVER WIDE OPERATING RANGE 
O00 fre ee a 
700 
600 
500 


400 - NO SUBHARMONIC 

300 |... SWITCHING NOISE 
~~" IN THE SHADED 

200 | _ REGION OF OPERATION 


OUTPUT CURRENT (mA) 





ae ae 
INPUT VOLTAGE (V) 


The MAX744A exhibits no subharmonic switching noise over a wide 
input voltage and output current range. 


SPECTRAL ANALYSIS OF MAX744A 
OUTPUT VOLTAGE NOISE vs. FREQUENCY 


NOSUBHARMONIC SPECTRAL 
- CONTENT BELOW 200KH2 
Vow 9 9 | 


The MAX744A output voltage noise spectra shows no switching noise 
below the 200kHz fundamental switching frequency. 


FREE Power Supply Design Guide—Sent Within 24 Hours! 
noes Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 


MA AALM 


REGISTRAR 


F 
S ACCREDITATION 
BOARD 


ISO 9001 


Certificate Number: 30337 
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ow that the ISO 9141 stan- 
dard for communication be- 
tween automotive comput- 
ers and diagnostic equipment is be- 
ginning to take hold in the U.S., de- 
Signers will need a means of 
facilitating that communication. The 
Si9241EY and Si9243EY compact, 
single-ended bus drivers from Sili- 
conix are claimed as the first narrow- 
body, small-outline devices to meet 
that standard. 

The Si924X Series enables commu- 
nication over the relatively long dis- 
tances between test equipment and 
automotive electronic control units, 
while protecting sensitive logic de- 
vices from the hazards of the auto- 
motive environment. These protec- 
tion features include short-circuit 
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tion, the devices’ rugged design en- 
sures that they can handle the high 
voltages and stresses imposed by 
such conditions as load dumps, field 
decay, and other automotive tran- 
sients. 

Used either in the automobile it- 
self or in the external test equip- 
ment, the drivers will replace up to 20 
discrete devices with a single SO-8 
package. Two options are offered to 
suit different ISO 9141 configura- 


Si9248 EY. The 8i9241EY driver pro- 
vides communication capability over 
the bidirectional K line and a pinout 
for fault-detection circuitry. The 
Si9243EY provides both K and L line 
pinouts. There’s no pinout on the 8- 
pin device for the fault-detection cir- 
cuitry, but this feature remains ac- 
tive as in the Si9241EY. 

Samples of both drivers are avail- 
able now with production-quantity 
lead times of stock to eight weeks. In 
large lots, pricing is $0.89 for the 
Si9241EY and $1.05 for the 
Si9243EY. 

Siliconix, 2201 Laurelwood 
Rd., P.O. Box 54951, Santa 
Clara, CA 95056-0951; (800) 554- 
59695, ext. 29. 
M@ DAVID MALINIAK 


DIGITAL VIDEO PROCESSOR HANDLES REAL-TIME IMAGES 


upplying a cost-effective 

bridge between computer 

graphics and video images, 
the CL-Px1070 is built with internal 
FIFO buffers and pipelined process- 
ing to allow conversion between 
standards that had been previously 
incompatible. The part suits end 
products that require real-time digi- 
tal video processing, such as low-cost 
teleconferencing systems, video- 
playback acceleration, and video cap- 
ture. Like its predecessor, the 


Px2070, the Px1070 allows overlay- 
ing video on graphics or vice versa in 
real time. It also performs scaling, 
zooming, color-space separation, and 
video-graphics genlocking. 

The digital video processor (DVP) 
combines real-time video scaling 
with frame-buffer memory manage- 
ment, a programmable host-system- 
bus interface, and a flexible multis- 
tream video data path. Its versatile 
windowing control allows resizing 
and moving the video display win- 
dow with no host-bandwidth penalty. 


The DVP supplies four I/O ports 
that can connect directly to multiple 
independent I/O devices, including 
the host. Two ports can receive video 
from almost any type of source. The 
third connects to the host through an 
ISA or Micro Channel bus; the fourth 
is attached to a video-memory buff- 
er. The Px1070 is available now for 
$26 in large quantities. 

Cirrus Logic Inc., 3100 West 

Warren Ave., Fremont, CA 

94538; (510) 623-8300. 

M@ RICHARD NASS 


MPEG I DECODER EASES MULTIMEDIA CARD DESIGN 


n addition to performing full- 
motion-video decompression ac- 
cording to the MPEG I stan- 
dard, the ZR36100 is the first MPEG 
I decoder to process the MPEG I sys- 
tem-layer information. That process- 
ing includes separating the discrete 
MPEG I video and audio bit streams 
and automatically synchronizing the 
decompressed video output with the 
output data of a downstream MPEG 
I audio chip. 

The ZR386100 MPEG I decoder 
eliminates a considerable amount of 
system overhead logic, including the 
need for a host processor or dedicat- 
ed microcontroller. That will further 


152 B9 





reduce the cost of adding MPEG I de- 
compression to computer systems. 
The CMOS chip fully conforms to 
the MPEG I standard, processing 
MPEG bit streams at rates of up to 5 
Mbits/s. That allows the chip to sup- 
port SIF resolutions for both 352-by- 
240-pixel NTSC (80 Hz), and 352-by- 
288-pixel PAL (25 Hz) formats. Fea- 
tures of the chip include user-selec- 
table progressive or full CCIR601 
interlaced video output, as well as 
special commands for 3:2 pull down, 
random access, fast search, slow mo- 
tion, single stepping, and freeze- 
frame. In addition, the ZR36100 can 
do high-resolution still-image decod- 
ing. 
LECTRONI C 
JULY 11, 1994 


The combination of features posi- 
tions the chip well for cost-sensitive 
multimedia subsystems. As lower- 
cost systems proliferate, MPEG I 
playback will be adopted as a stan- 
dard system feature, putting it in the 
mainstream, rather than relegating 
it to an optional function. | 

Housed in a 128-lead quad-sided 
flat package, the ZR36100 is immedi- 
ately available and sells for $30 each 
in large quantities. An evaluation 
board is also available and sells for 
$1995. 

Zoran Corp., 1705 Wyatt Dr., 
Santa Clara, CA 95054; Abbas 
Razavi, (408)986-1314. 
M@ DAVE BURSKY 
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At North America’s Premier Trade Show for OEM Electronics 
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Fuzzy Logic ¢ Neural Networks ¢ Hardware & Software Design 

¢ Microcontrollers ¢ PLDs e FPGAs:* Advanced ASICs * Boundary Scan 

~ e ISO. 9000 * Wireless Communications * PDA e Digital Video — | 
¢ Vision co aoa e Virtual Reality « LANs Medical Electronics 


At the ‘94 sPetelevavter and Business Conferences | 
INE Featuring More Than 1, 200 Exhibits 


© Semiconductor Products 

« Passive Components oe 
~@ EDA Tools and Engineering Software - 

@ Test and Measurement Equipment 

4% Production Products and Services — 

© Computer Systems/Subsystems 


Wescon and idea/Microelectronics 
September 27-29, 1994 
“Anaheim Convention Center — 

PAW aval at-)baabm @r-Vhbco)uatre! 


For more information, contact: Electronic Conventions Management 
8110 Airport Blvd ¢ Los Angeles CA, 90045 © 800-877-2668 or 310-215-3976 ° FAX 310-641-5117 
E-mail INTERNET:73232.666@compuserve.com 


Sponsored by the Los Angeles Council and San Francisco Bay Area Council, IEEE a 
Southern and Northern California Chapters, pigs ep | 
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NEW PRODUCTS 


DIGITAL ICs 


CACHE CONTROLLER RUNS 


MULTIPLE PENTIUMS 


nhancing the uniprocessor 

cache controller it released 

last year for Intel’s Pentium 
CPU, designers at Vitesse Semicon- 
ductor have crafted a multiprocessor 
version that can support symmetric 
multiprocessor systems. The 
VSP947 multiprocessor cache con- 
troller and companion VSP948 data- 
path circuit are used in conjunction 
with a new multiprocessing bus ar- 
chitecture—the V-Bus—to form 
SMP systems. Those systems can 
scale linearly, able to support up to 
12 Pentium CPUs while maintaining 
zero-wait-state performance. In ad- 
dition, the chip set can work with ei- 
ther the 3- or 5-V versions of the Pen- 
tium that run at bus speeds of 60 or 
66 MHz (90 and 100 MHz, internally), 
with a migration path to bus speeds 
of 80 MHz. 

The V-Bus is a 66-MHz split-trans- 
action bus that supports a sustained 
bandwidth of 500 Mbytes/s and on- 
the-fly error correction. The cache 
controller handles cache sizes from 
512 kbytes up to 8 Mbytes. Incorpo- 
rated in the chip set is an eight-level 
write-back buffer to reduce bus traf- 
fic, as well as a trio of other buff- 
ers—one for posted writes, another 
for line fills, and the third for a snoop 
line. All of the buffers help system 
performance by improving the paral- 
lelism of system operations. These 


PROGRAMMABLE CHIP 
AIDS PC JOYSTICKS 

A CMOS programmable chip, the 
EZ1000 is specifically optimized for 
use in input devices, such as joy- 
sticks and game pads. It offers intu- 
itive control functionality, low power 
consumption, and high performance 
at a low cost. The chip features 2K of 
on-chip memory and an 8-input pro- 
grammable controller. In addition, 
the chip has a clock speed of 4 MHz, 
with a 1-us instruction cycle, and is 
powered by the pc power line in a 
keyboard, (nominal 5-V supply). Its 
high-performance design allows for 
the execution of a command in a sin- 
gle action, a feat which previously 
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buffers combine with zero-wait- 
state snoop support to enable 1-1-1-1 
pipelined and 2-1-1-1 non-pipelined 
CPU reads and writes. Furthermore, 
the cache chip set handles both di- 
rect-mapped and two-way set asso- 
ciative protocols. The MESI protocol 
is also supported to ensure data con- 
sistency. 

The VSP947 comes in a 292-contact 
ball-grid array package and is imple- 
mented with Vitesse’s H-GaAs III 
gallium-arsenide process, while the 
datapath chip is implemented in 
CMOS and is housed in a 208-lead 
PQFP. The high speed of the VSP947 
allows system designers to use stan- 
dard asynchronous static RAMs for 
tag entries and standard burst 
SRAMs for data storage. The data- 
path chip provides control for data 
and parity on the processor bus. In 
addition, it buffers the datapath be- 
tween the system and the processor. 
The first systems to incorporate the 
chip set will be released later this 
year by Tricord Systems Inc., Minne- 
apolis, Minn. 

In lots of 1000 sets, the VSP947/ 
948 chip set sells for $250. apiece. 
Samples will be ready in the late 
third quarter. 

Vitesse Semiconductor Corp., 
741 Calle Plano, Camarillo, 
CA 93012; Brett Butler, (805) 
388-3700. 
M@ DAVE BURSKY 


required several keyboard strokes. 
Available in a 28-pin package, the 
EZ1000 costs $10 each. CA 
Rosetta Technologies, 1310 RR 
620 South, Suite B195, Austin, TX; 
Israel Martinez, (512) 263- 


1700. 


CHIPS DECODE ANALOG 
VIDEO, ENCODE DIGITAL 
With the ability to create the digital 
video signals needed by a computer, 
the CL-Px4070 TV-In decoder can 
translate the analog signal output of 
a television camera or VCR and con- 
vert it into the digital signals needed 
by an RGB computer display. The 
CL-Px4080 Video-Out encoder, 
LE CT RO N- 1 -C 
JULY 11, 1994 


bridges the gap between the analog 
TV/video standards and the desktop 
computers’s digital video standard. 
Together, the two chips provide a so- 
lution for merging the computer and 
the television. The CL-Px4070 com- 
bines the functions of a video digitiz- 
er and video decoder in one chip—it 
accepts NTSC, PAL or SECAM 
broadcast signals and converts the 
signal stream into the digital YUV 
format used by the computer. The 
chip’s 16-bit output can be connected 
to a video processor, such as the com- 
pany’s CL-Px2070 or PX1070. The 
4080 is a multistandard encoder that 
basically reverses the process to dis- 
play the video image on a television 
or VCR. Samples of both chips are 
immediately available and sell for 
$21 and $15, each, in lots of 50,000. DB 

Cirrus Logic Inc., 3100 West War- 

ren Ave., Fremont, CA 94538; Ger- 


ald Wineinger, (214) 985- 
2340. 

LOW-COST ASIC 

PUSHES 1200 DOTS/IN. 


A new generation of printer control- 
ler and software technology supplies 
the impetus for the development of 
low-cost Windows-based printers. 
Such printers can handle a resolution 
of 1200 dots/in. and offer simulta- 
neous support of PC and Macintosh 
platforms. Other features of the 
Winstyler ASIC include bidirection 
communication and the ability to pro- 
duce virtually any document at the 
rated engine speed. 

The WinStyler’s host-based print- 
ing concept relies on a combination 
of a lean printer controller that in- 
cludes the ASIC, the host-based 
printer software, either a serial or 
parallel interface, and the process- 
ing power of the host. The result is 
accelerated printer output and re- 
duced printer manufacturing costs 
due to the elimination of an expen- 
sive CPU and a reduced memory re- 
quirement. The controller is capable 
of rasterizing and sending the high- 
resolution images form the host com- 
puter to the printer at speeds com- 
monly associated with less sophisti- 
cated 300-dot/in. printers. RN 

Destiny Technology Corp., 3255-1 

Scott Blvd., Suite 201, Santa 

Clara, CA 95054; (408) 562- 
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Some Can. 


No one likes delays. System engineers especially. 

That's why we invented a logic switch so fast it 
'disappears' in your system. Its 250 ps propagation 
delay is at least 10 times faster than standard logic 
devices. So you can say good-bye to logic-induced 
performance penalties for good. 

This high-end technology has swiftly grown into 
our QuickSwitch® product family. Offering pin-for- 
pin replacements for bus switches, high-speed buffers 
and transceivers, and mux/demux devices. 

QuickSwitch products deliver delay-free 5V-to-3V 
signal conversion making them ideal for emerging 





Pentium-based 
PCs as well as 
laptops and PDAs. They also have the hot-plug (live 
insertion) capability plus a low 5-ohm "On" resistance. 
They add no power dissipation, no ground bounce, 
and require no directional control. 

QuickSwitch devices come in SOIC, QSOP, and now 
QVSOP™ as well as standard DIP packages. Call today 
for the popular QuickSwitch Product Handbook chock full 
of innovative, customer-inspired applications. 1-800- 
609-3669. Or Fax 408/496-0773. 

Avoid delay. We did. 














Quality Semiconductor, Inc. 


QuickSwitch is a registered trademark of Quality Semiconductor, Inc. Q and QVSOP are trademarks of Quality Semiconductor, Inc. 
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TV TO COMPUTER DISPLAY 
WITH ONE CARD 
With the implementation of Simply 
TV, asingle-color graphics card, any 
television can be quickly and easily 
turned into a large-screen Macintosh 
display. Simply TV, designed for 
easy installation connects any Mac- 
intosh LC, Color Classic, most Per- 
forma models, and the Quadra 605, 
to a television via a single video ca- 
ble. The TV, which is now an inexpen- 
sive large-screen display, can then be 
used in a variety of applications for 
viewing such things as CD-ROM’s, 
educational software, and corporate 
video presentations. Simply TV fea- 
tures built-in chroma-lock technolo- 
gy, to digitally lock colors in place, 
and hardware-based convolution 
technology, to aid in the elimination 
of flicker. In addition, the card comes 
equipped with S-video capability. 
Simply-TV is costs $489. cA 
E-Machines, 215 Moffett Park Dr., 
Sunnyvale, CA, 94089; Eric Zetlin, 
(408) 541-5393. 


BOARD IS COMPATIBLE 
WITH SPARCSTATION 5 

Based on the microSparc II micro- 
processor, the Spare CPU-5CE 6U 
VMEbus board is compatible with 
the SparcStation 5 workstation. 
Backward compatible with the com- 
pany’s previous products, the CPU- 
5CE performs over 64 SPECint92 
and 85 MIPS. These numbers are due 
to the high-performance processor, 
which integrates the integer and 
floating-point units with the memo- 
ry-management unit, 16 kbytes of in- 
struction cache, 8 kbytes of data 
cache, memory control, and an SBus 
interface. 

The board can hold up to 64 
Mbytes of DRAM. Interfaces are in- 
cluded for fast SCSI-2, Ethernet, a 
floppy-disk drive, parallel and serial 
I/O, and a mouse and keyboard. Two 
SBus modules fit on the board, en- 
abling further expansion. Solaris 1.1 
and 2.3 are both available. For real- 
time applications, VxWorks has 
been ported to the CPU-5CE. With 16 
Mbytes of memory, the CPU-5CE 
costs $4995. A higher-performance 
model will be released shortly. RN 

Force Computers Inc., 2001 Logic 

Dr., San Jose, CA 95124; (408) 371- 


3900. 
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COMPUTER BOARDS 


FLASH DISK EMULATES 
HARD-DISK DRIVE 
The solid-state PC Flash Disk is es- 
sentially a hard-disk drive with no 
moving parts. Because the drive is 
based on non-volatile flash memory, 
it can plug directly into an 8-bit ISA 
or 16-bit EISA bus slot and replace 
both the primary disk drive and its 
associated controller without any ad- 
ditional software or cabling. Its per- 
formance is faster than magnetic 
hard disks while consuming less 
power. In addition, the drive supplies 
cold boot and full hard-disk emula- 
tion capabilities. Designed for rug- 
ged applications, the PC Flash Disk 
can operate reliably under severe 
shock, humidity, dust, and tempera- 
ture conditions. The disk is available 
in capacities from 1 to 32 Mbytes, and 
can be expanded to 128 Mbytes by 
connecting four boards together. 
On-board BIOS eliminates the need 
for any installation software. The 
disk is compatible with MS-DOS, PC- 
DOS, and Windows. File operations 
can be performed from any local or 
remote source to the PC Flash Disk 
using standard DOS commands. 
Available now, prices start at $139 in 
lots of 100. RN 

M-Systems Flash Disk Pioneers 

Ltd., 556 Mowry Ave., Fremont, 

CA 94536; (510) 505-9081. 
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TINY SBC RUNS 
AT 100 MHZ 
The Little Board computer, which 
places the equivalent of a PC/AT 
motherboard plus four expansion 
cards into the space of a half-height 
5-1/4-in. disk drive, has a new mem- 
ber: The Little Board/486 DX4 runs 
at 100 MHz and includes controllers 
for serial, parallel, speaker, floppy, 
IDE hard disk, and SCSI interfaces. 
There’s also room for up to 16 
Mbytes of memory and sockets for 
32 kbytes of cache and a watchdog 
timer. Embedded-system reliability 
is increased by the use of a 1.5-Mbyte 
bootable solid-state disk. This disk 
can be EPROM, flash EPROM, or 
static RAM. 

Like other members of the family, 
the 100-MHz unit accepts industry- 
standard PC/104 modules for expan- 
sion. A host of PC/104 modules are 
available from many third-party ven- 
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dors. The operating temperature for 
the board is 0 to 70°C and the power 
consumption typically ranges from 5 
to 12 W, with +5-V-only operation. 
Little Board/486 DX4 evaluation 
units are available now. Large-quan- 
tity prices are set at $1950. RN 
Ampro Computers Inc., 990 Al- 
manor Ave., Sunnyvale, CA 94086; 
(408) 522-2100. 


14-COLOR LCD ENHANCES 
INDUSTRIAL COMPUTER 
A large color VGA flat-panel display 
accompanies the industrial comput- 
er in the DisplayPac-Vista. The com- 
plete workstation is built with a 14- 
in. color TFT LCD, a 66-MHz 486DX 
microprocessor, a resistive touch 
screen, and up to 32 MBytes of 
DRAM. The system suits space-con- 
scious machine-control and process 
environments. The entire unit draws 
about half the power of a compara- 
bly sized CRT alone. It’s available in 
a 12.5-by-15.5-by 4.5-in. rugged metal 
open-frame panel mount, or a 19-in. 
rack-mount version. Both have bays 
available for a 1.44-Mbyte floppy 
drive, a 2.5-in. hard drive (with a ca- 
pacity up to 500 Mbytes), or a dual- 
slot PCMCIA socket. In addition, six 
expansion slots accept standard AT- 
bus add-in boards. A 33-MHz Dis- 
playPac-Vista system with 4 Mbytes 
of DRAM starts at $7435. RN 
Computer Dynamics Sales, 107 S. 
Main St, Greer, SC 29650; (803) 
877-8700. 


ACCELERATOR CONNECTS 
TO SPARC WORKSTATIONS 
The SkyStation II multiprocessor 
desktop accelerator is now available 
for Sparc-based workstation. The 
640-MFLOPS system is suited for 
the development of floating-point-in- 
tensive applications. Using a SCSI-2 
connection, it plugs directly into 
workstations that are running the 
Solaris operating system. The SkyS- 
tation II can be used as a develop- 
ment station in conjunction with 
VME-based products or as a com- 
plete desktop solution when paired 
with a workstation. Prices range 
from $20,000 to $50,000 depending on 
volume and configuration. RN 

Sky Computers Inc., 27 Industrial 

Ave., Chelmsford, MA 01824; (508) 

250-1920. 


DES I644N 





TOOLKIT WORKS WITH 
ALPHA/WINDOWS NT 
The MKS Toolkit 4.2 for Digital 
Equipment’s Alpha AXP version of 
Windows NT includes development 
utilities for DOS, OS/2, Windows 
NT, and Digital’s Alpha AXP version 
of NT. Included are tools for com- 
mand editing and history, file pro- 
cessing and comparison, and text 
manipulation and sorting. The Win- 
dows NT release of the toolkit in- 
cludes the MKS Vi full-screen editor 
and MKS Make software construc- 
tion tools. The MKS Toolkit supplies 
utilities for the PC usually found 
only on Unix systems to give all oper- 
ating platforms the same look and 
feel. More than 190 commands and 
utilities are included for customizing 
an environment and performing a va- 
riety of computing tasks. List price 
of the toolkit for the Alpha version of 
NT is $299. SVT 
MKS (Mortice Kern Systems), 35 
King St. North, Waterloo, Ontario, 
Canada N2J 2W9; (519) 884-2251; 
fax -8861. 


SOFTWARE SIMULATES 
386EX PROCESSOR 
With the SoftProbe 83886EX/SIM Sim- 
ulator/Debugger, engineers can de- 
velop and debug applications for In- 
tel’s 886EX embedded processors. 
The simulator is a DOS-hosted de- 
vice that supplies bus and instruc- 
tion-level simulation and affords de- 
bugging of real- and protected-mode 
C/C++ and PL/M applications for 
the 886EX processor. The simulator 
is compatible with popular compilers 
and linkers, including MetaWare’s 
High C/C++ 32-bit optimizing com- 
piler and Microsoft C/C++ optimiz- 
ing Compiler. Contact the company 
for pricing. SVT 
Systems & Software Inc. (SSD, 
18012 Cowan, Suite 100, Irvine, 
CA 92714-6809; (714) 833-1700; 
fax -1900. 


CM PROGRAM 

RUNS UNDER WINDOWS 
Version 6.2 of MKS RCS configura- 
tion management software for 
DOS/Windows has complete project 
management facilities, an automatic 
building process, file promotion, 
hooks into Visual Basic, and 
Netware-specific functionality. 
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MKS RGS has a documented API to 
enable seamless integration into oth- 
er applications. Integrated project 
management facilities enable the 
end user to create and manage pro- 
jects, using the software’s features 
on individual files within the project 
or on the entire project at once. It 
automatically tracks files, revisions 
of archive files, file changes since 
the last build, and archive files 
locked for editing. It also tracks de- 
pendencies between files and auto- 
matically converts these dependen- 
cies to a make file. List price is $389; 
upgrades are $149. SVT 
MKS (Mortice Kern Systems Inc. ), 
35 King St, Waterloo, Ontario, 
Canada N2J 2W9; (519) 884-2251; 
fax -8861. 


TOOLS OFFER ‘PICTURE’ 
SOURCE-CODE DEBUGGING 
A data debugging toolset offers a so- 
lution to the problem of debugging 
with complex data-manipulation 
software. The toolset, now available 
for Sun workstations, Motorola 167, 
and CSPI i860 Supercards, was de- 
veloped to fill a gap between stan- 
dard source code debuggers and ge- 
neric graphic toolsets. It supplies 
non-graphic, logic-based debugging 
controls to be embedded in a user 
program under development. The 
toolset routines generate remote 
X11 graphic displays, with which the 
user can view program data results 
on a Sparc Unix host, control debug- 
ging flow, and analyze massive data 
arrays in a graphical form. Priced at 
$499 per library, the toolset will run 
soon on IBM, DEC, HP, and Silicon 
Graphics workstations. SVT 
CST Images, 5055 Viewridge Ave., 
San Diego, CA 92123; (619) 277- 
7833; fax -576-0859; contact Ron 
Townsen. 


SOFTWARE DOES MPEG 

ENCODING FOR CD-ROM 

XingCD 1.0 CD-ROM MPEG encoder 
software for Windows produces 
MPEG video streams from TGA, 
AVI, or BMP files. The software also 
creates MPEG audio streams from 
WAV files and interleaves audio and 
video into an MPEG-compatible sys- 
tem steam. It creates full-screen 
MPEG video streams from various 
source files, including video cap- 
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tured with AVI-compliant motion 

JPEG boards, 3D animations, and 

image files. List price is $995. SVT 
Xing Technology Corp., 1540 W. 
Branch St, Arroyo Grande, CA 
93420; (805) 473-0145; fax - 
0147. 


SDK HELPS INTEGRATE 
TEXT-TO-SPEECH 
The TTS (text-to-speech) software- 
development kit (SDK) helps applica- 
tion developers integrate text-to- 
speech capabilities into their Win- 
dows-based products. The software 
converts common computer ASCII 
text, such as data from word-pro- 
cessing documents, spreadsheets, 
and databases into natural-sounding 
speech output. Versions are avail- 
able for English, German, French, 
and Spanish. The kit includes evalua- 
tion software, sample programs, an 
API function reference and pro- 
gramming guide, and a dynamic-link 
library with its own data and sample 
text files. The TTS development kit 
sells for $1999. The price includes a li- 
cense fee for one copy of the soft- 
ware in one language. Additional 
languages are $499. RN 
Lernout & Hauspie Speech Prod- 
ucts Inc., 800 West Cummings 
Park, Suite 3100, Woburn, MA 
01801; (617) 932-4118. 


VERSION SOFTWARE 
SUPPORTS WORKGROUPS 
Versions 1.1 version-control soft- 
ware for Windows manages versions 
by streamlining management of 
multiple project resources, including. 
source code, documentation, and oth- 
er files. The upgrade supplies fool- 
proof work group support, enabling 
network users to collaborate on pro- 
jects. Versions 1.1 supports all file 
types, including binary, so that users 
can collaborate on source code, re- 
source files, engineering drawings, 
word-processing documents, spread- 
sheets, and graphics files. Network- 
compatible, the program supports 
multiple developers working on the 
same project, with storage of tempo- 
rary and permanent versions of any 
file. List price is $279. SVT 
StarBase Corp., 18872 MacArthur 
Blvd., Suite 400, Irvine, CA 92715; 
(714) 442-4400; fax (714) 253- 
6712. 
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SONET/ATM TRANSCEIVER 
SUPPORTS STS-1/3 

Physical layer interface design for 
Sonet/ATM systems is now simpli- 
fied by the advanced features of- 
fered by the CY7B951 Sonet/SDH 
Serial Transceiver (SST). The chip’s 
dual-frequency feature provides a 
single-chip PHY-layer interface for 
data both at STS-1 (51.84 MBits/s) 
and STS-3/STM-1 (155.52 Mbits/s) 
data rates. The SST’s on-chip 8X 
clock-multiplier provides very low- 
jitter clock recovery from NRZ and 
NRZI data using an inexpensive 
19.44-MHz crystal without any ex- 
ternal PLL filter capacitors. 

Compatible with both the PMC 
5345 SUNI and IgT WAC013A ATM 
framers, the transceiver chip’s link- 
fault sensing circuitry provides a 
positive indication of signal loss and 
can automatically switch the SST to 
internal clock synthesis, preventing 
receiver PLL run-away. With the se- 
lectable loop-back mode, engineers 
can easily provide in-system diag- 
nostic capability for equipment in- 
corporating this transceiver. 

The chip is implemented in low- 
power biCMOS technology, which al- 
lows it to draw less than 50 ma from 
it’s one 5-V supply—less than half of 
similar bipolar products. The ATM- 
oriented SST compliments Cypress’s 
recently introduced HOTLink high- 
speed serial transceiver chipset 
which is designed primarily for Fibre 
Channel and ESCON applications. 

Both SST and HOTLink are tar- 
geted at OEM products such as 
adapter cards, hubs, routers, and 
set-top boxes. SST is priced at $45 in 
lots of 100. LG 

Cypress Semiconductor, 3901 

North First Street, San Jose, 

CA 95134; (408) 943-2600. 


SBUS ATM CARD 

INCLUDES API BUNDLE 

A complete ATM hardware/soft- 
ware solution has arrived at the 
desktop with the introduction of the 
ENI-155 family of network interface 
cards and bundled applications pro- 
gram interface (API) software. The 
ENI-155 is first card in the series and 
will provide a 155-MBits/s SONET/ 
SDH link for SBus-based computers 
over multimode fiber, or Cat 5 UTP 
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copper. 

Based on ENI’s proprietary Mid- 
way ATM processor chip, the cards 
and software have been optimized 
for maximum efficiency in the SBus 
environment. 

Included with the cards is a suite 
of software, which offers complete 
UNI 3.0 compliant support for the 
Solaris 2.3 and SunOS 4.1.3 operat- 
ing systems. The ENI-155 cards will 
begin shipping in he third quarter of 
1994. 


The second phase of ENI’s re- 
leases will be the ENI-155p and 155g, 
155-MBits/s ATM adapters designed 
for PCIBus and GIO bus (Silicon 
Graphics) computers. The bundled 
software will include drivers to sup- 
port Windows NT (NDIS 3.0) and 
Novel Netware (ODI) for the 155p, 
and IRX 5.1/2 for the 155g. Delivery 
is anticipated for the fourth quarter 
of 1994. Prices of all three boards will 
be under $1000 in OEM quantities, in- 
cluding software. LG 

Efficient Networks Incorporated., 

4201 Spring Valley Road., Suite 

1200, Dallas, TX 75244-3666; Da- 

vid Massey, (214) 991-3881. 


CIRCLE 663 


SBUS OFFERS 12- 
TERMINAL CONNECTIVITY 

A low-cost SBus terminal server, the 
LC 12Sp, is designed to connect up to 
12 terminals to Sun computer sys- 
tems. Equipped with 12 asynchro- 
nous serial ports, the LC 12 Sp can 
connect to any RS-282 device that 
uses a three-wire connection. 

The server features a fully auto- 
matic XON/XOFF flow control log- 
ic, a data word size ranging from 5 to 
8 bits with data transfer rates of up 
to 115.2 kbits/s, anda 10 MIPS serial 
processor. The LC 12 Sp driver sup- 
ports Solaris 1.x, Solaris 2.x, and 
SunOS 4.1+ software packages. It is 
fully compatible with Sun Microsys- 
tem’s SPARC computers and other 
computers compliant with the 
SPARC International SBus specifi- 
cation. 

Available now, the LC 12 Sp costs 
$595. Future software updates will 
be provided at no additional char- 
ge. CA 

Magma, 6725 Mesa Ridge Rd., San 

Diego, CA, 92121; Michael Seidel, 

(619) 457-0750. 
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VOICE/F AX CARD 

BOASTS HIGH DENSITY 

The universal port card, TR118, with 
eight channels (each powered by a 
dedicated digital signal processor), is 
ideal for designers building high- 
performance, high-volume applica- 
tions. With its high density levels, 
the TR118 can handle large en- 
hanced fax and voice systems. 

Each of its eight channels, with 
user-defined functionality, has 1 
Mbyte of RAM and can simulta- 
neously send and receive faxes or 
voice messages. The TR118 card is 
configured with both MVIP and PEB 
digital interfaces. In addition, it uses 
the Applications Programming In- 
terface (API), a “c” language library 
of call functions that simplifies de- 
velopment of applications, and is 
supported by UNIX, QNX, OS/2, 
and DOS systems. The TR118 is 
available immediately and carries a 
price tag of $5495. CA 

Brooktrout Technology Incorpo- 

rated, 144 Gould Street, Needham, 

MA, 02194; Andrew O’Brien, (617) 

449-4100. 


FIBRE CHANNEL 
TRANSMITTER, RECEIVER 

A two-chip Fibre Channel transceiv- 
er will give products a low-cost giga- 
bit data link between computers or 
other peripherals. The HDMP-1512 
transmitter and HDMP-1514 receiv- 
er can transport data at either 531.25 
Mbits/s or 1062.5 Mbits/s and pro- 
vide complete FC-0 functionality. 
The transmitter requires 8B/10B en- 
coded data, or equivalent, and a 
53.125-MHz clock. The receiver ac- 
cepts a serial data stream and pro- 
vides a 20-bit wide parallel output at 
TTL levels. 

Both chips may be programmed to 
operate at either 531.125 or 1060.25 
kbits/s and feature local loopback 
capability. The chips will also sup- 
port transmission over fiber-optic or 
90-Q coaxial cable. Packaged in 
idustry standard M-Quad 80 lead 
packages, the chips are priced at $55 
each in quantities of 1000. Both de- 
vices are available immediately. LG 

Hewlett Packard Company, 5301 

Stevens Creek Blvd., Santa Clara, 

CA. 95052-8059; (800) 357-7715, 

ext. 8364. 
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SMT INDUCTOR BLOCKS 

QUENCH RIPPLE, NOISE 

A line of ferrite-core inductors 
adapted for use in surface-mount as- 
semblies meets even the most strin- 
gent requirements for high-current 
ripple and noise filters. The inductor 
blocks feature wide bandwidth, low 
de resistance and ac losses, and flat 
frequency and current responses. 
Standard inductances range from 10 


uwH at 4 A to 1 mH at 400 mA. Other 
custom values are available. The 
blocks are intended as an alternative 
to toroidal designs and ensure supe- 
rior power handling. The highly rug- 
gedized package offers easily in- 
spectable, wide surfaces that maxi- 
mize solder contact. Call for pricing. 
Production delivery will begin in Oc- 
tober. DM 

GFS Magnetics Inc., 140 Crosby 

Rd., Dover, NH 03820-4371; Jim 

Radzelovage, (603) 742-4375. 


GASKETS PROVIDE 

TOUGH EMI SHIELD 

A line of plated woven EMI gaskets 
provides a higher level of shielding 
than has been available until now. 
They come in a variety of shapes and 
sizes to fit many applications, includ- 
ing custom designs. ElectroShield 
gaskets deliver 130 dB shielding ef- 
fectiveness at 1 GHz, compared to 
100 dB or less for typical high-end so- 
lutions. Advanced composite tech- 
nology is used to completely silver- 
plate nylon filaments formed around 
a foam core. Maximum conductivity 
is assured by the coating technology. 
A special coating passivates the sur- 
face for better corrosion resistance 
than other silver-plated products. In 
addition, the gaskets are lightweight 
and have low closure force and con- 
nection set. Available in a wide range 
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of plated nylons, profiles, and core 
materials, price varies with the many 
variations of the product. JS 


Instrument Specialties Inc., Dela- 


ware Water Gap, PA 18327; (717) 
424-8510. 


ENCAPSULATED SENSORS 
SHRUG OFF CORROSION 
A line of metal-encapsulated fluid- 
level sensors, specifically designed 
to measure temperature, are ideal 
for use in applications ranging from 
chemical processing to petroleum re- 
fining. Encased in a noncorroding 
CrNiMo steel housing, the sensors 
are oblivious to potentially corrosive 
materials, such as oil, gasoline, and 
detergent solutions. The sensors are 
available in two different tempera- 
ture ranges, -25°C to +50°C, or +10°C 
to +90°C. Samples are available from 
stock and production quantities of 
the sensors have delivery times of 
about 12 weeks. The sensors cost 
about $5.00 each. CA 
Siemens Components Inc., Special 
Products Division, 186 Wood Ave., 
South Iselin, NJ, 08830; Ullrich 
von Seckendorff, (908) 603- 
5919. 


HIGH-SPEED VCXOs 

AID NETWORK DESIGNS 

A series of high-speed voltage-con- 
trolled crystal oscillators (VCXOs) is 
available for use in the emerging 
generation of voice-data highways 
over fiber networks. The VC-6700 Se- 


ries VCXOs feature 3% linearity. 


and wide dynamic range of 240 ppm. 
In designing phase-locked loops, the 
devices’ linearity helps keep gain 
from varying with frequency, which 
can adversely impact data integrity. 
The units offer center-frequency 
outputs from 40 MHz to 139.264 MHz 
and 155.520 MHz for use in standard 
SONET networks in North America 
and SDH optical networks in Europe 
and Asia, respectively. Mid-point ac- 
curacy is 15 ppm, and the units are 
specified to remain within +20 ppm 
over the full operating-temperature 
range of zero to 70°C. Pricing is from 
$35 to $120 apiece in lots of 10,000. 
Delivery is in four weeks from re- 
ceipt of order. DM 

Raltron Electronics Corp., 2315 

N.W. 107th Ave., Miami, FL 33172; 

(305) 593-6033. 
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PHOTOSENSORS BLIND 

TO AMBIENT LIGHT 

Pulse modulation is used in the EE- 
SPX-W2 Series of slotted, amplified, 
transmissive photomicrosensors to 
eliminate sensing problems associat- 
ed with ambient light. Versatile 
mounting configurations and an at- 
tached 2-meter cable allow the de- 
vices to address numerous applica- 
tions without the expense of cabling. 





s require a 5-to-24-V de 
supply and can detect objects as 
small as 0.5 mm in diameter. Electri- 
cal output configurations are light- 
on or dark-on logic. Each sensor has 
a red LED that indicates operation. 
Frequency response is 500 Hz. Pric- 
ing starts at $38. Delivery is from 
stock. DM 

Omron Electronics Inc., One E. 
Commerce Dr., Schaumburg, IL 
60173; (800) 556-6766. 


LOW-POWER OSCILLATOR 
OFFERS HIGH STABILITY 
A high-stability; third-overtone, SC- 
cut crystal is at/the heart of a micro- 
computer-controlled crystal oscilla- 
tor from Q-Tech. Microcomputer 
compensation is employed instead of 
an oven to achieve stability of 
+3 10° ppm. With maximum pow- 
er consumption of 75 mW, the oscilla- 
tor is well suited for battery- 
powered applications where the pow- 
er-consumption demands of an oven- 
ized oscillator are too great. It’s also 
suited for uses requiring fast war- 
mup and high accuracy. Standard 
output frequencies are 10 MHz, 4 
kHz, and 1 pulse/s. Other frequen- 
cies are available optionally on spe- 
cial order. Commercial versions are 
priced from $559 in lots of 500. DM 
Q-Tech Corp., 10150 W. Jefferson 
Blvd., Culver City, CA 90232-3502; 
(310) 836-7900. 
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or proximity indexed searches. 


SDX - Subject Index - A hierarchical la 
of key subject areas compiled by the Faitors 






































































3 CLR : Clear Backward Links 
LS a pet oaeg | Samora:cmmtmts providing information for novice and pro 
a Spot, and the book- 2 Navigation Aids Functions / : 
toy oe Sole . - | Ssees-onerenrs alike. Available in any user screen. 
mark is stored even if _ | CLR : Clear Backward Links 





ELECTRONIC DESIGN: 1989-1993 


Le YOU quit. ssmenemeeiinaimanian 


| ow | ee a - GOTO brings you ee 


- Show-Related Articles - Calls up a = ea ce — ie 
back to your book- _| list of, and lets you move to, related topics. SS 
marks. Deleting them is just as simple. HST - Show-Related History - Shows So = 
each topic visited during your current ses- Lo —_— 
sion and how long you were there, and 
then lets you return to previous topics. 










Notes - Add and find your own notations. 
Notes stay until you delete them, even after 
you quit. | 















looks like the Transputer will be the 
next hot chip. We should get our best 
design team working on a Transputer 

@based project as soon as possible.> 











TS g0: 6 PC or better 









MS-DOS Version 3.1 or later _ 


el pookaion 16 colors. 








BOARD RIGIDIZERS 
FEATURED IN BROCHURE 
Detailed descriptions of various 
problem-solution situations dealing 
with board rigidizers and power-dis- 
tribution issues are contained within 
a two-page brochure from Circuit 
Components Inc., Tempe, Ariz. Each 
case shows how designers used 
board stiffeners and bus bars to re- 
solve problems related to pc-board 
warpage, power-distribution prob- 
lems stemming from space con- 
straints, and solder-joint cracking 
caused by excess vibration. DM 
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BROCHURE AUGMENTS 
OP-AMP DATABOOK 

A brochure detailing voltage- and 
current-feedback op amps and buff- 
ers with bandwidths ranging from 45 
to 850 MHz provides a quick, compre- 
hensive reference to parts intro- 
duced since publication of the 1306- 
page Linear and Telecom ICs hand- 
book from Harris Semiconductor, 
Melbourne, Fla. The brochure, called 
High-Performance Op Amps and 
Buffers, explains an array of archi- 
tectural features that broaden the 
possibilities for device selection. 
These include multi-amp configura- 
tions that provide per-amplifier en- 
able/disable for simple signal multi- 
plexing. Call (800) 442-7747 and ask 
for Document BR-044NA. DM 


1994 DATA 

ACQUISITION BOOK 

The 1994 long-form data acquisition 
data book is now available from Har- 
ris Semiconductor, Melbourne, Fla. 
The 1,104-page databook, called 
Data Acquisition 1994, provides 
long-form data sheets on hundreds 
of products for commercial and in- 
dustrial applications, as well as 39 re- 
cently introduced products. Sepa- 
rate sections covering a-d converters 
include displays, integration, succes- 
sive approximation, flash, and su- 
branging. Other sections include d-a 
converters, switches, multiplexers, 
RS-232 communications interface 
ICs, display drivers, counters with 
display drivers/timebase genera- 
tors, and special-purpose ICs. Data 
Acquisition 1994 also includes a sec- 
tion that lists application note ab- 
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stracts. Other sections detail Harris 
quality and reliability, packaging 
and ordering information, how to use 
Harris AnswerFAX, and worldwide 
sales office contacts. To order this 
databook, call 1-800-4-HARRIS, ext. 
7221. CM 


CIRCUIT BREAKERS 

RANGE THROUGH 50 A 

A growing line of thermal and mag- 
netic circuit breakers is detailed in 
the 20-page Catalog 18C322 from 
Potter & Brumfield Inc., Princeton, 
Ind. Products offer current ratings 
from 250 mA through 50 A. Both 
push-to-reset and switchable types 
are included. Users may select from 
pushbutton-, toggle-, and rocker-ac- 
tuated breakers. A selector guide 
provides basic information to help 
readers quickly determine which cir- 
cuit-breaker series might be best 
suited for their application. It guides 
the reader directly to the pages car- 
rying detailed information. DM 
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PCMCIA CONNECTORS 

ARE BROCHURE’S FOCUS 
Complete technical specifications 
and ordering information on a broad 
line of sockets and plugs meeting 
PCMCIA and JEIDA standards are 
contained within a Sudden Solution 
guide from Samtec Inc., New Alba- 
ny, Ind. Standard plugs (PCMP Se- 
ries) are offered in traditional hori- 
zontal through-hole and SMT ver- 
sions. Vertical-mount designs are 
also available. The socket (PCMS Se- 
ries) comes in a straddle-mount de- 
sign for connecting to both sides of 
the board. The technical data is sup- 
plemented by photos, dimensional 
drawings, and lists of features. DM 
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FIBER-OPTIC PRODUCTS 
DETAILED IN CATALOG 

A catalog of fiber-optic products 
from Alpha Wire Corp., Elizabeth, 
N.J., gives technical standards and 
specifications for each product to 
help determine the correct cable for 
a given application. The catalog also 
contains a technical glossary, cable- 
specifications selector guide, conver- 
sion chart, and cross reference to 
further assist in design and specifi- 
cation of fiber optics. DM 
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RF-DEVICE DATABOOK 
OFFERS VARIETY 

Bipolar, LDMOS, MOSFET RF pow- 
er, and gallium arsenide chip tech- 
nologies are covered in the 1994 RF 
Device Databook (DL110/D Rev 5) 
from Motorola’s Semiconductor 
Products Sector, Phoenix, Ariz. The 
book presents technical information 
for several product families. A vari- 
ety of ceramic and plastic surface- 
mount packages are covered. Dis- 
crete components, hybrid modules, 
and integrated circuits are detailed. 
For a free copy of Motorola’s 1994 
RF Device Databook, call the compa- 
ny at (800) 441-2447, or fax a request 
to Motorola at (602) 994-6430. DM 


CONNECTOR PRODUCTS 

SPAN DENSITY GAMUT 

An extensive line of high-density 
connectors is featured in a 82-page 
connector-products catalog from 
JAE Electronics Inc., Irvine, Calif. 
Products covered include PCMCIA 
memory-card connectors, surface- 
mount types, through-hole connec- 
tors, wire-to-wire models, I/O con- 
nectors, and contact termination 
tooling. A custom-connector guide 
allows readers to request special 
connectors. Photos, mechanical 
drawings, features, general specifi- 
cations, materials and finishes, and 
ordering information are all included 
in the free connector-products cata- 
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CATALOG DETAILS 
BATTERIES, ACCESSORIES 

A catalog from Power Express, San 
Jose, Calif., lists long-lasting rechar- 
geable battery packs and battery ac- 
cessories for notebook and laptop 
computers, cellular phones, and cam- 
corders. The catalog includes new 
nickel metal hydride (NiMH) batter- 
ies that last 30% longer than stan- 
dard NiCAD batteries as well as ac 
adapters, carrying cases, battery 
maintenance software, and other 
power accessories. Batteries are 
available for more than 3000 models, 
ranging from the newest notebook 
to the oldest cellular phone. The free 
catalog includes a battery-manage- 
ment guide that helps consumers in- 
crease their battery life. SvT 
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INTERNET: GET 
WITH IT, VENDORS! 


According to your May 16 Editori- 
al (p. 16), you’re looking for sugges- 
tions on practical ways to use the In- 
ternet. It amazes me that electronics 
vendors are so backward in their use 
of this priceless resource. How many 
advertisers in Hlectronic Design 
even give an e-mail address in their 
ads? Even vendors of products 
which have significant software 
components seem to prefer to make 
updates available on bulletin boards, 
instead of by Internet ftp. Bulletin 
boards! Please! This is 1994, folks, 
not 1974! Why should I have to make 
a long-distance phone call to get a 
software upgrade? 

Properly used, an ftp server would 
be a powerful marketing tool. In- 
stead of calling a company’s sales de- 
partment....making the receptionist 
understand what I want....getting 
transferred to somebody who’s on 
another line....finally getting a prom- 
ise that something will be put in the 
mail and might reach me in a week— 
I could browse through all the com- 
pany’s product documentation and 
sales literature, at negligible cost ei- 
ther to the vendor or to me. 

Can you spread the word to ven- 
dors’? You’d benefit this whole indus- 
try tremendously. 

DR. NICK JACOBS 


Kditor’s note: This is one of many 
e-mail letters we received in re- 
sponse to our May 16 Editorial, 
“Internet.” We invite all readers to 
use this medium to make them- 
selves heard. Again, our Internet 
address 1s edesign @class.org. 


REGARDING THAT 
40-YEAR-OLD VIR... 


In your article on the video tape re- 
corder article (“40 Years Ago,” May 
16, p. 8), I think you incorrectly as- 
sumed that the word “‘bit”’ must have 
meant digital bit. Given the technol- 
ogy of the time, they almost certain- 
ly meant “analog bit’ (or, more cor- 
rectly, a spread-spectrum “‘slice’’). 

To be very loose with the technical 
details, what these early VTR de- 
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signers probably attempted to do 
was convert high-speed (wide band- 
width) serial analog information 
into low-speed (narrow-bandwidth) 
parallel analog information which 
fixed tape heads can handle. I would 
be surprised if the digital equivalent 
of this technique (combined with im- 
age data compression) weren’t being 
used today to transmit full-motion, 
full-detail digitized video over multi- 
ple, low-bandwidth phone lines! 

What they probably did was to 
simply use a 10-tap magnetic delay 
line driven at a pulse rate of 678 kHz, 
thus producing an output similar to 
what we would get using a CD4017 1- 
of-10 Johnson counter. The delay 
would have been such that each of 
the 678-kHz pulses at the taps would 
have had a phase delay of 36 degrees 
compared with the tap preceding it. 

Each tap was probably then fed to 
an analog switch and a sample-and- 
hold (probably implemented as a vac- 
uum-tube switch with a small “hold” 
capacitor tied to its output). This 
would have produced a crude spread- 
spectrum encoder, whereby top-end 
frequencies (those far above the Ny- 
quist frequency) would be effective- 
ly divided by 10 and “‘spread”’ across 
ten 339-kHz channels, creating an ef- 
fective bandwidth of 3.39 MHz. Upon 
playback, the system probably 
synce’d the 678-kHz pulse generator 
to the tape’s sync channel, and re- 
versed the process to restore the 
high-end frequencies. 

My guess is that the system was 
sensitive to tape jitter, which would 
have almost certainly knocked the 
678-kHz pulse generator out of syne 
temporarily; Also, harmonic distor- 
tion (and thus waveshape distortion) 
must have been terrible. 

On the plus side, a tapped delay 
line cannot “lose count” like a John- 
son counter might. Also, interesting- 
ly enough, the low-end frequencies 
(those well below the Nyquist fre- 
quency of 339 kHz) would not have 
been divided at all, but would have 
simply been duplicated intact on all 
10 channels. Since only the top-end 
frequencies needed to be “reassem- 
bled” anyway, slight jitter probably 
created nothing worse than ragged 
edge detail on B&W. However, 
phase jitter would have probably 
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made a big mess of color video! 

I’m sure that Bob Pease would 
agree that there’s a LOT to be said 
for old analog techniques like this, 
although a PLL and modern DSP 
techniques would certainly have im- 
proved performance considerably. 

| CHARLES BARRETT 
DALLAS SEMICONDUCTOR CORP. 


COMING: A FLYING 
CARPET/AIR TAXI 


There will soon be a high tech al- 
ternative to the automobile that will 
not get stuck in traffic on I-80. I esti- 
mate that about 5% of the population 
will use this alternative, but very 
few people will own one. It’s a virtual 
flying carpet that passengers will 
use to fly from where they are to 
where they want to be, at any time, 
at 200-300 mph. | 

This flying carpet/air taxi will be 
used on trips of 10-800 miles. The es- 
timated cost per passenger mile is 
about 20-40 cents for a shared ride, 
including purchase, maintenance, pi- 
lot, interest, advertising, traffic con- 
trol, and other costs, including fuel 
at 50 passenger miles per gallon. 

The air taxi will require a tremen- 
dous amount of electronics, so it’s 
only become possible in the 1990s. 
Over 1000 MIPS of computing power 
is needed. All avionics, including ra- 
dar, GPS, cellular and inter-vehicle 
communications, will be miniatur- 
ized and weigh less than 300 pounds. 

No, this is not pie in the sky. Over 
$35 million has been invested in this 


air taxi design already. There are de- 


posits for more than 100 vehicles. 
The design is sound, based on con- 
ventional engineering, and has been 
confirmed by several aerospace com- 
panies. It weighs 2400 lbs. and has 
eight rotary engines with over 1.5 
horsepower per pound for a total of 
1200 hp. The Moller company group 
has been producing unmanned air 
vehicles for over 8 years. Unfortu- 
nately, initial operations are likely to 
be outside the U.S., probably in the 
Far East where there’s more 
growth, worse traffic problems, and 
a desire to exploit new concepts. 
HENRY LAHORE 
SEATTLE, WASH. 
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The Only Low Cost/High Performance 
Arbitrary Waveform Generator 





AWG502 
A must for Engineering Development or Production Test. 


* IBM AT compatible board 

*& Two analog output channels + 24 digital outputs 
* Up to 50 Megapoints/sec output each channel 

* 12 bit resolution 

* 10 output filters per channel 

*& Frequency synthesizer 

* 64k words RAM per channel with segment looping 
* The best software support on the market 


Full price is $3500. Phone Today for immediate information. 


Signatec, Inc. 
357 N. Sheridan St., Suite 119 


- 
Corona, California 91720 
(909) 734-3001 : 


FAX: (909) 734-4356 
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12-Bit 
Resolution 


60 Megasamples 
Per Second 
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We Supply Solutions! Call 
to discuss your application 
with one of our engineers. 


¢ 2 channels at 30 MSPS 
or single channel 
at 60 MSPS 


¢ 512k sample memory 
¢ 30MHz bandwidth 

¢ ISA compatible board 
¢ Price: $4900.00 


355 N. Sheridan Ste #117 
Corona, CA 91720 USA 
(909) 734-3001 

Fax: (909) 734-4356 
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CT CONNE 
Best Value in the World | + Polyimide Multilayer 


Polyimide and FR4 
emery ia) & NEB EDeG 


PROTO EXPRESS 
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C apabilities 


| ¢ Buried & Blind Vias 







| * Full body & bond ible gold | 
| * Carbon Paste 
| ¢ Tin nickel burn-in boards 
| « SMT - SMOBC 
¢ Up to 22 layers 
| ¢ Impedance control boards 
| © UL listed | 


——_______— 


DISCOUNTS: 1 0% cop 


5% a ree CARD 








Cail Ken Bahi 


1108 West Evelyn Avenue 
Sunnyvale, California 94086 


PHONE: 408/735-7137 


FAX: 408/735-1408 
MODEM: 408/735-9842 
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Wide ranging device support from the 
smallest PROM to the most complex FPGA 


PC-based EPROM programmer to full blown 
Universals (and everything in-between) 
from $395 


Hand held battery portables 
Production gang programmers 
Turn-key board programming systems 
Stag Microsystems, Inc 

Tel: 408 988-1118 Fax: 408 988-1232 


STAG MICROSYSTEMS, INC. CIRCLE 413 | 
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Analog & (NEW RELEASE) Digital 


Circuit Design & Simulation 
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for Digital Circuits 
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Networking Protocols 
Add them to your 
system Designs with: 
FUSION Developer's Kit 


* FUSION TCP/IP protocol suite 
* FUSION SNMP agent MIB 2 
(Version 2 Available Soon) 

* Flexible architecture - C source 
code 

* Used in thousands of process 
control, embedded systems, and 
end-user designs 

¢ Royalty-Free Option Available 


For More Information Call | 
(800) 541-9508 or (805) 484-2128 | 
i, Mog (805) 484-3929 | 
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DIRECT CONNECTION ADS 


ADVERTISE 
WITH US! 


Advertise in 
ELECTRONIC DESIGN 
and see how 
quickly you'll 
be t on! 
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PILOT-U84 Universal Programmer 


#1 in New Device Support & Expandability 
Altera 7064,7128,7160,7192 in 84-, 100- and 160-pin packages 
Xilinx 1765D,17128 etc Intel FLEX, 87C196 KC,KD,JR,MC etc. 
Moto 68HC711, 68HC705, WSI PSD-3XX,-4XX,-5XX,PAC,SAM 
Atmel 29C040, ATF22V10 etc. AMD MACH435, 29F040, etc 
Lattice pLSI-1000,2000,-3000, Microchip PIC micros 
All packages to 256-pin: PLCC,PGA,QFP, TQFP, TSOP, SOIC 
800-627-2456 FAX: (408) 736-2503, Sunnyvale,CA. 

ADVIN CIRCLE 400 


ADVERTISE 
WITH US! 


my 


Advertise in 
ELECTRONIC DESIGN 
and see how 
quickly you'll 








of BIG S-L-O-W software 
Stalking your job security?" 


Take some of the bytes out of your bloated code! 
Call Franklin Software, the first and last 
word in quality for 
your 8051 and 80C166 software projects! 


> FRANKLIN 


ep SOFTWARE, INC 


"Strike back - Release VI is available now!" 
tel: (408) 296-8051 fax: (408) 296-8061 


FRANKLIN SOFTWARE, INC. CIRCLE 404 


pba Data Acquisition 


—, DAPwindows™, 
= the new, easy 
way to develop 
high performance 
data acquisition 
applications 
under Windows, 
lets you implement 
your data acquisition 
application on a Data 
Acquniana Processor™ ndead without Windows programming. 
@ Every Microstar Laboratories™ Data Acquisition Processor, 
from the entry level DAP 800™ to the 486-based DAP 3200e™, 
has its own processor on board to handle the time-critical parts 
of an application. 
@ In measuring or controlling a real-time process, computing 
power has to be there when it is needed. If it isn’t, readings 
are lost and results are corrupted. With a DAP, an application 
has the computing power it needs when it needs it — free from 
the multitasking delays and resource demands of Windows. 
And with DAPwindows there’s no Windows programming. 


Call us about your project; ask for a FREE demo diskette. 
206-453-2345 / fax 206-453-3199 


MICROSTAR 
LABORATORIES’ 


MICROSTAR LABS CIRCLE 408 
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Simple, personal 
device programming 


¢ ChipLab” makes device selection and programming 
fast and easy with its Windows”-like user interface 

¢ Extensive on-line help 

¢ Programs more than 2000 PLDs, PROMs, 
EPROMs, EEPROMs, and MCUs 

¢ $895 (32-pin version) or $1495 (48-pin version) 


To order call: 
Authorized Distributors 
JDR Microdevices 1-800-538-5000 
Promark Technology West 1-800-227-3345 
or call: 
Data I/O Corporation 1-800-332-8246 Ext. 904 


DATA I/O 


DATA \/0 


Low Cosi 
Canratyre 
Controllers 


Save time. 
Save money. 


Our wide range of 
C-programmable min- 
iature controllers are ideal r 
for control applications, data acquisition, 
and test and measurement. Compact and low in price 
(the Little PLC™ above is 2"x3" and $195), these controllers 
are programmed with our easy-to-use Dynamic C™ devel- 
Opment system. Our controllers feature digital I/O, ADCs 
and DACs, relays and solenoid drivers, RS232 and RS485 seri- 
al ports, battery-backed memory and time/date clock, LCDs, 
keypads, enclosures and more! 
1724 Picasso Ave. 
24-Hour AutoFax _— Davis, CA 95616 
916.753.0618. Call 916.757.3737 
from your FAX. 916.753.5141 FAX 
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| Organize and protect all your ICs from physical and electrical ; 

| damage in our family of versatile component storage albums. | 
They're the perfect solution for storing, archiving and transport- | 

ng youir library of IC Masters, MODS, REVS, Samples and Po seal esd aut: | 93/94 Pgs. 

Sparen z: EPROMS, ASICS, PALS, DIPS, SIPS. Atyour desk, | | lmegabant LATS IY Et Sabet 

bench, workstation or in the field, our inexpensive albums keep | | Miao): 405] i 

our expensive ICs at hand, unzapped, unbent, uncrushed, 









weal : ® Rental and 10-day trials available. 
ASM ' ® Full Source-level Debugger with complete 
| uncracked and clean. : | C-variable support. 
| eMIL spec. ESD Protection Dust-Tight 256K RAM KEYPAD PORT = Supports virtually all members of the 8051, 
4 ; | i 800196, 68HC11, 68HC16 and 68300 families. 
*Crushproof Construction +*Snap-Closed | | Ryra@iitl PRIN | | 
100% Unqualified Satisfaction Guaranteed Pio 7 i | CALL OR WRITE FOR FREE DEMO DISK! 


Call 408-378-2912 
1 TOI P.O. Box 59, Newton, MA 02161 


Nohau’s 24-hour 
ENTERPRISES TEL: (617) 332-1010 FAX: (617) 332-2173 
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FREE! | BY RELIABILITY PREDICTION 
| | | | SUG 


ARE YOUR PRODUCTS RELIABLE? 


The RelCalc 2 Software Package automates the 

reliability prediction procedure of MIL-HDBK- 

217, or Bellcore, allowing quick and easy 
| | |reliability analysis of electronic products on 

S-Edit: Schematic entry | | | your PC. Say goodbye to tedious, time consum- 

i 4 ‘i . » . i i i ! 

| ; : | | ¢T-Spice: Circuit simulator [FreetEatdemoask] | | |! and error prone manual methods 

ROLYN OPTICS supplies all types of “Off-the- | | EN Aes | Call (818) 792-3000 | | | | "NEW UPDATE! VERSION 3.1 now available. 

Shelf” optical components. Lenses, prisms, mir- | | GateSim: Logic simulator | Fax (818) 792-0300 | | | | = User friendly: pop-up menus, hypertext help. 

nus hundreds of ethers AN from’ stock ‘Row | |oceteg | | | | tery easy to lear and use; quick data entry. 

a Sie SeustORy tx klucts-® coatings in ee =e L-Edit: Full-custom layout editor | | | ® Part library for rapid recall of part data. 

totype Aa production Guantivies Write ‘ call for | | *ORC: Design rule checker | | | "Global editing functions for what-if? trials. 

| our free 120 page catalog describing products & | | ° Extract: General device extractor | | | ™Reports which clearly organize results. 
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UPCOMING MEETINGS 


2nd IEEE Workshop on Real-Time 
Applications, July 21-22. Washing- 
ton D.C. Contact Alexander D. 
Stoyenko, Real-Time Computing 
Lab, Computer & Information Sci- 
ence, New Jersey Institute of Tech- 
nology, University Heights, New- 
ark, NJ 07102; (201) 596-5765; fax 
(201) 596-5777; E-mail: Alex @vul- 
can.njit.edu. 


IEEE Power Engineering Society 
Summer Meeting, July 24-28. Hil- 
ton Hotel, San Francisco, CA. Con- 
tact Eva Tiffer, Pacific Gas & Elec- 
tric Co., Mail Code B28C, P.O. Box 
770000, San Francisco, CA 94105; 
(415) 973-2875; fax (415) 972-6011. 


AUGUST 


MACWORLD Expo/Boston, Aug. 
2-5. Bayside Expo & World Trade 
Center, Boston, MA. Contact Mitch 
Hall & Associates at (617) 361-2001. 


3rd IEEE International Sympo- 
sium on High Performance Dis- 
tributed Computing, Aug. 3-5. Wes- 
tin St. Francis Hotel, San Francisco, 
CA. Contact Geoffrey C. Fox, NPAC 
Director, Room 8-228, 111 College 
Pl., Syracuse, NY 18244-4100; (315) 
443-4741; fax (315) 443-1973; E-mail: 
Gcf @ pac.syr.edu. 


4th IEEE Workshop on Computers 
in Power Electronics, Aug. 7-10. 
The Universite du Quebec, Trois-Ri- 
vieres, Quebec, Canada. Contact 
Adam Skorek, Dept. d’Ingenierie, 
UQTR, C.P. 500, Trois-Rivieres, Que- 
bec G9A 5H7, Canada; (818) 376-5071 
ext. 3929; fax (819) 376-5152. 


IEEE International Symposium 
on Applications of Ferroelectrics, 
Aug. 7-10. Conference Center, Uni- 
versity Park, PA. Contact Amar 
Bhalla, 253 MRL, Pennsylvania 
State University, University Park, 
PA 16802; (814) 865-9282. 


IEEE International Geoscience & 
Remote Sensing Symposium 
(IGARSS ’94), Aug. 8-12. California 
Institute of Technology, Pasadena, 
CA. Contact Tammy I. Stein, IEEE/ 
GRSS, 2610 Lakeway Dr., Seabrock, 


Ei: &- CT & oN Es 


TX 77586; (718) 291-9222; fax (718) 
291-9224. 


IEEE Magnetic Recording Confer- 
ence (IMRC 94), Aug. 16-20. Uni- 
versity of California, La Jolla, CA. 
Contact Roger F. Hoyt, IBM Alma- 
den Research Center, 650 Harry Rd., 
K01/803, San Jose, CA 95120-6099; 
(408) 927-2118; fax (408) 927-3204. 


IEEE International Symposium 
on Electromagnetic Compatibility, 
Aug. 22-26. Palmer House Hotel, 
Chicago, IL. Contact H.R. Hofmann, 
1210 Lawn Meadow Ln., Naperville, 
IL 60540; (708) 979-3627; fax (708) 
979-5755. 


Conference on Lasers & Electro- 
Optics, Europe & The 5th Europe- 
an Quantum Electronics Conven- 
tion, Aug. 28-Sept. 2. RAI Congress 
Centre, Amsterdam, The Nether- 
lands. Contact Susan Evans, I[EEE/ 
LEOS, 445 Hoes Ln., P.O. Box 18381, 
Piscataway, NJ 08855-1331; (908) 
562-8896; fax (908) 562-1571. 


SEPTEMBER 


IEEE International Symposium 
on Compound Semiconductors, 
Sept. 18-22. Del Coronado Hotel, San 
Diego, CA. Contact James Harbison, 
Bellcore, 381 Newman Springs Rd., 
Room 8X-211, Red Bank, NJ 07701; 
(908) 758-3886; fax (908) 758-4872. 


14th IEEE International Semicon- 
ductor Laser Conference, Sept. 19- 
23. Hyatt Regency Maui, Maui, HI. 
Contact Samantha H. Phillips, 
IEEE/LEOS, 445 Hoes Ln., P.O. Box 
1381; (908) 562-3894; fax (908) 562- 
1571; E-mail: s.phillips @ ieee.org. 


ASIC Conference and Exhibit 
(ASIC 794), Sept. 19-23. Rochester 
Riverside Convention Center, Roch- 
ester, NY. Contact Paul P.K. Lee, 
Hastman-Kodak Co., Rochester, NY 
14650-2008; (716) 477-2869; fax (716) 
477-4947. 


AUTOTESTCON ’94, Sept. 20-22. 
Disneyland Hotel, Anaheim, CA. 
Contact Robert Rassa, ManTech In- 
ternational, 150 S. Los Robles Ave., 
Suite 350, Pasadena, CA 91101; (818) 
577-7100; fax (818) 577-7102. 
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DESIGN/DEVEL. ENGRS./MGRS. 
$30,000-$70,000+ 
30+ yrs. in placing Electrical/Electronic Engrs. 
Nationwide client list and 200 associate office 


resources. All fees Co. paid. Contact Gordon Hassell 
with resume/salary/location data.G.E. HASSELL 
ASSOCIATES, 913 MAIN PLACE, P.O. BOX 471, NILES, 
OH 44446. (216) 652-5871 
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2.5KHz-8GHz AMPLIFIERS 


(3 Piece Set) 





Expand laboratory capabilities and put a full spectrum of power 

at your fingertips with Mini-Circuits 2.5KHz to 8BGHZ medium 

power amplifier set. Each ultra-wideband set contains three 

individual heat sinked RF amplifiers with at least +20dBm output 

_ and overlapping frequency response range capabilities ; 2.5KHz 

to 5OOMHz, 10MHz to 4.2GHz and 2GHz to 8GHz. Applications 

sectors ay.) for these amplifiers include increasing the signal levels to power 

2 +20dBm Power Output, 20dB Gain meters, spectrum analyzers, frequency counters and network 
analyzers as well as boosting signal generator outputs. 





— a esas mer — ie -c mice | You can buy these amplifiers individually at Mini-Circuits already 
; | uren Onn. nce : : 
Model : (MHz) (dB) Compression V mA ‘Type (1-9aty) [OW Prices, or own the full spectrum set for the money saving 
ZHL-6A 0025-50021 +23 424 350 BNC 199 price of only $1095 (1-9 qty.) | To order from stock with a guarantee 
ZHL-1042J 10-4200 25 +20 +15 330 SMA 495 to ship within one week, call Mini-Circuits today !| FA 

ZRON-8G 2000-8000 20 +20 +415 310 SMA 495 

Set of 3 Amplifiers # KZHL-318: $1095 (1-9 aty.) Mini-Circuits...we’re redefining what VALUE is all about! 





P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER Vol. 23 * MICROWAVES PRODUCTS DIRECTORY °¢ EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
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LT1097* 700kHz 0.2V/us 
LTC 1152 IMHz 1V/us 
1e1 ade Or LT1206 60MHz 900V/us 
amps oscillate. —se | - _ LT1220 45MHz 250V/us 
_ LT1224* 45MH 400V/ 
_ Driving coax, twisted | pair and other difficult | ° 
LT1354* 12MHz 400V/us 
loads take no extra care when C-Load opamps 
| LT1357* 25MHz 600V/us 
are used. C-Load op aye are stable when 
| LT1360* 50MHz 800V/us 
driving loads of over 10,0 ve more than most ‘i 
LT1363* 75MHz 1000V/us 
applications require. 
LT1457 1.7MHz 4V/us 






Capacitive load driving capability isn’t limited 
to any one type of amplifier. LTC’s family of 


C-Load op amps include devices from the 7pA, FET- Specifications for the table shown are low cost grades 
input LT1457 to the 7OMHz, 1000V/usec LT 1363. in plastic DIP. Prices for our C-Load op amps start as 


The LT1206 with its 250mA minimum output cur- low as $1.05 for the LT1097CNS8. For details, contact 





*Duals and Quads are available. 


rent has enough drive to slew 10,000pF at 50V/us. Linear Technology Corporation, 1630 McCarthy Blvd., 
Precision instrumentation applications? The LTC1152 Milpitas, CA 95035/408-432-1900. For literature 
rail-to-rail input and rail-to-rail output zero drift op only, call 1-800-4-LINEAR. 


amp provides 10uV max offset as 
well as C-Load driving. 


F LINEAR 


TECHNOLOGY 


FROM YOUR MIND TO YOUR MARKET 
C-Load is a trademark of Linear Technology Corporation. AND EVERYTHING IN BETWEEN. 
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